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This research focuses on an area deemed the Dome Analysis Area (i.e., Dome) in western 
South Dakota on the Black Hills National Forest.  With the aid of geographic information 
systems (GIS) and statistics, the identification of favorable locations to analyze that may indicate 
where cultural resources occur will be illustrated through statistically significant associations 
between the presence or absence of cultural resources and specific environmental variables.  The 
original approach proposed for this research in 2014 intended to build a model for predicting 
cultural site locations to facilitate land management planning activities more efficiently.  In the 
process of formulating the model, a number of unexpected challenges were encountered that 
required a shift in focus to instead test for statistically significant associations between the 
presence or absence of cultural resources and specific environmental variables.  The results of 
this study indicate that the sheer number of potential variables that may factor into site selection 
decisions can introduce substantial challenges when attempting to analyze those decisions using 
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Chapter 1: Introduction 
This research focuses on an area deemed the Dome Analysis Area (i.e., Dome) in western 
South Dakota on the Black Hills National Forest.  With the aid of geographic information 
systems (GIS) and statistics, the identification of favorable locations to analyze that may indicate 
where cultural resources occur will be illustrated through statistically significant associations 
between the presence or absence of cultural resources and specific environmental variables.  The 
original approach proposed for this research intended to build a model for predicting cultural site 
locations to facilitate land management planning activities more efficiently.  Various National 
Forests, Parks, and State agencies around the nation have created predictability models that are 
incredibly complex, have countless moving parts, and require constant upkeep; these models 
have taken millions of dollars and years to produce.  The intention was to attempt to create a 
simplified template that any land manager could utilize to replicate their own model for their 
own jurisdictional focus.  In the process of attempting this, many challenges were encountered 
that required a shift in focus to instead test for the statistically significant associations between 
the presence or absence of cultural resources and specific environmental variables.   
This thesis focuses on two primary research questions.  Research Question 1: Do 
precontact, postcontact, or multicomponent cultural resources occur in frequencies within 
specific ecological land units (ELU) that differ significantly from what random chance predicts?   
Research Question 2: Does the frequency of cultural resource occurrence within any 
specific sub-category of the ELU attributes (e.g., soil, hydrology, vegetation, slope, elevation, 




In the pages that follow, attempts at why creating a model requires more than a basic 
understanding of GIS will be explained and the results of statistical analyses between the 
ecological land units (ELUs) and various environmental factors will be presented to aid a land 
manager in using those environmental attributes to eventually build a predictive site model.   
 Dome is located in Lawrence and Meade Counties of western South Dakota (Table 1-1; 
Figure 1-1) on the northeastern boundary of the Northern Hills Ranger District of the Black Hills 
National Forest (BNKF).  The project area was deemed Dome for land management planning 
purposes by the Black Hills National Forest as a National Environmental Policy Act (NEPA) 
planning area for future Black Hills undertakings on the Northern Hills Ranger District (Hammer 
and Hostad 2015).  The Black Hills is a federally designated National Forest located in western 
South Dakota and northeastern Wyoming that consists of over 1.2 million acres or 485,622.77 
hectares (Hammer and Hostad 2015).  Dome encompasses 20,717.5 hectares (51,194 acres): 
16,170.8 hectares (39,959 acres) of Forest Service land and 4,546.6 hectares (11,235 acres) of 
private land immediately south of the city of Sturgis, east of Deadwood, and west of Tilford 
(Hammer and Hostad 2015).  The project lies within the following USGS 7.5-minute 
quadrangles: Deadwood North, Sturgis, Deadwood South, Deadman Mountain, Tilford, and 
Piedmont, South Dakota.  
Table 1-1 
 
Legal Location of the Dome Analysis Area in Western South Dakota, USA   
 
Township Range Section 
T03N R05E 1 
T03N R06E 6 
T04N R03E 1, 11, 12, 14 
T04N R04E 1-17, 20-29, 33-36 
T04N R05E 5-8, 16-36 




Township Range Section 
T05N R04E 13-36 
T05N R05E 7, 18-21, 27-35 
 
The Dome Analysis Area is a planning area with undertakings that may include, but are 
not limited to timber sales, fuels management, road maintenance, wildlife habitat, range 
management, and recreational use.  One of the primary goals of the research presented here is to 
help cultural resource land managers better plan for projects in areas that had inadequate or out-
of-date survey coverage, specifically those land managers on the Black Hills National Forest.  As 
an employee of the Black Hills, I witnessed projects go over budget due to an abundance of 
newly recorded sites in an area that project planners had hoped to plan a timber sale; as the sites 
were not anticipated, reconfiguring of plans and layouts was necessary and, generally, increased 
the cost of the project.  An initial research goal was to use GIS as a tool to create a model and 
template that Forests could replicate to predict where cultural resources may be more probable 
and, in turn, make choosing survey locations and project planning a more streamlined and 
reliable process, thus cutting down the overall cost of a project.  Ultimately, this was not feasible 
due to a number of factors that will be discussed below.  However, the research did reveal that a 
set of data that one can obtain from the United States Geological Survey (USGS) called 






Overview of the Northern Hills Ranger District on the Black Hills National Forest (Dome 







Chapter 2: Background and Literature Review 
Modeling Human Behavior 
Archaeology as a discipline has always been focused on the spatial dimensions of human 
behavior and archaeologists tend to interpret human behavior and material culture in a 
geographic context (King, 1982); until only recent history, we essentially lacked the proper tools 
to fully interpret this material.  Predictive modeling is the practice of building models that in 
some way indicate the likelihood of archaeological sites, cultural resources, or past landscape use 
across a region (Mehrer and Wescott 2006).  The roots of predictive modeling can be found in 
the 1950s and 1960s where such models were implicit in the earliest expressions of settlement 
archaeology (Willey 1953) and in later work that formulated statements about precontact 
locations (Williams et al. 1973).  In the 1980s there was an increased interest in predictive 
modeling that came with many challenges, including thoughts on why archaeological models 
could not be produced.  These early studies shed light on sampling biases, how background 
environments were characterized (i.e., how other specialists documented their resources), 
inaccurate or incomplete recording of sites, environmental changes, the uniqueness of human 
behavior, and lack of effective computer technology (Kvamme 2006).  Kvamme (2006:6) felt 
that rather than focusing on the problems and why models will not work, we could focus on 
reasons that we can pursue modeling:  
1. Human behavior is patterned with respect to the natural environment and to social 
environments created by humanity itself. 
2. We know or can learn something about how people interacted with these environments by 





3. GIS provides a tool for mapping what we know.  
Predictive models are tools for projecting known patterns or relationships into unknown 
space.  Models are typically based on statistically significant relationships between two or more 
variables (in the case of this paper, cultural site location and their environment) and do not 
necessarily give a “yes” or “no” answer, but rather a probability that something may or may not 
be present (Drennan 2009).  Archaeologists have only recorded a fraction of the presumed 
millions of archaeological sites in the United States, while thousands of sites are destroyed each 
year to make way for ongoing land development and management activities.  On public lands 
archaeological survey is often completed ahead of impending projects for other departments; yet 
funding is typically lacking for, not only 100% survey coverage (in many areas), but also in-
depth research.  Sites are documented and evaluated for National Register of Historic Places 
(NRHP) eligibility and then their records sit to be protected and monitored (or not if they have 
been determined not eligible) as project funding allows.  There the resources wait for someone 
(with a grant or a lot of free time) to come along and investigate them more deeply and lend 
information towards their meaning to the greater picture of humankind’s selecting and usage of 
the land.  One way to help archaeologists to identify unrecorded sites so that we may understand 
and protect them is to create formal models capable of predicting where they may be located 
(Warren and Asch 2000).   
The Coconino National Forest in Northern Arizona developed a model called the 
Coconino National Forest Site Density Predictability Model CNFSDPM with the help of GIS 
Specialist Chris Barrett in 2010-2011.  As stated by Chris Barrett in his documentation of the 




1) Archaeological sites exist on the ground and in natural settings, 
2) Sometimes they are close together and sometimes they are far apart, 
3) Utilizing modern technology, such as GIS and statistical analysis, we should 
be able to identify patterns and trends within the data. 
The idea of analyzing a site in relation to its environment is not new and can be viewed in 
myriad ways–both figuratively and literally.  When archaeologists record a cultural resource 
(site), we discuss the site based upon our observations of the environmental setting: slope, 
aspect, distance to water, landform, nearby vegetation, soil types, etc.  The same physical 
landscape can be seen in many different ways by different people, often at the same time (Layton 
and Ucko 1999).  Landscape, environmental, or geoarchaeological approaches are terms that 
have been understood as ways to look at human impacts on their physical surroundings (Butzer 
1982; David and Thomas 2008), but there have also been many studies on how the environment 
influences those choices (Denham 2008; Heilan et al. 2008).  As articulated so plainly by Darvill 
(1999:106): “the term landscape is not a synonym for the countryside, but rather it is something 
far more powerful which amounts to a generic term for the expression of particular ways of 
seeing the world”–what was it about the natural resources at these locations that made humans 
interested in them in the first place?  Or what was it about human behavior that made these 
places so ripe for settling or use?  The same landscape can be perceived in different ways by 
different people or from different perspectives (Meining 1979; Tuan 1979).  Archaeologists refer 
to the environment when documenting a site but researching the environment as a subject itself 
could lend a greater understanding of the choice of these locations for use and/or settlement 




Arguably, one of the most influential books published on modeling in archaeology was: 
Quantifying the Present and Predicting the Past: Theory, Method and Application of 
Archaeological Predictive Modelling (Judge and Sebastian 1988).  This edited volume of papers 
centered on the principles and techniques to be applied, and the difficulties encountered, when 
trying to make a spatial prediction of the potential archaeological record.  The wide-ranging 
contributions in this one volume focused on trying to make archaeological predictions from 
known observations and how to test them (Verhaegen and Whitley 2012).  The ideas proposed 
appear to still impact the ways in which archaeologists approach GIS and spatial modeling.   The 
notion of utilizing GIS as a planning tool to predict archaeological sites is not a new one, as 
mentioned above, and archaeologists have been trying to find the “best” approach to using this 
technology for our benefit. 
In the late 1970s and through the 1980s, archaeologists in the UK and US began delving 
into the applicability of GIS as a tool for archaeologists (King 1982; Kohler and Parker 1986).   
The first use of GIS within an archaeological context was in the 1980s in North America where it 
was used to predict archaeological site location within a management context (Kohler and Parker 
1986).  It was at the Society for American Archaeology (SAA) annual conference in 1985 that 
the interest in GIS and its potential for archaeology first emerged (Chapman 2009) and, while it 
was not the first of its kind, for the 1996 SAAs an official GIS symposium was organized 
(Wescott and Brandon 2000).  Archaeological predictive modeling is one of the earliest 
applications made possible by GIS (Kvamme 1999) and it continues to grow as a critical tool for 
cultural resource management and planning.  Predictive modeling of archaeological site locations 




archaeology in relation to landscape factors (Chapman 2009).  As mentioned above, the 
Coconino National Forest, along with various other land managing agencies around the country 
(and around the world) have taken to creating and implementing predictive modeling to aid in 
project planning and cultural resource management.  
Archaeological predictive modeling has been used for over 30 years as a decision-making 
tool in cultural resources management; but its appreciation in academic circles has been mixed 
because of its perceived theoretical poverty (Verhaegen and Whitley 2012).  Archaeological 
models have been developed for great swaths of land, but the funding agencies are typically 
more willing to spend the money on the development of modeling applications, but not into 
researching methods or interpretation of the results (Mehrer and Wescott 2006).  This has left 
many academic archaeologists skeptical of predictive models because, while new sites may be 
discovered, a lot of this work does not get published (Mehrer and Wescott 2006).  In 1995, the 
Minnesota Department of Transportation (MnDOT) became the first state agency in the United 
States to use a GIS-based model for predicting archaeological sites, known as the MnModel.   
MnModel was developed to aid in planning and prediction of archaeological sites; it predicts that 
about 85.5% of pre-1837 cultural resources are located on 23% of the land (Federal Highways 
Works Administration 2020).  The total cost of developing the model was approximately $5 
million, and savings each year since its implementation is nearly $3 million (Wescott and 
Brandon 2000).  While it saves the MnDOT money and time, the model is used for site 
avoidance and survey design (Minnesota Department of Transportation 2021).   
  In 1996 there was a Society of American Archaeology symposium arranged around the 




scientists gathered for the first GIS and Archaeological Predictive Modeling Conference, held at 
the Argonne National Laboratory, Illinois.  Their focus was to reexamine the goals of predictive 
modeling in light of then-current criticisms, such as: 1) site location cannot be modeled because 
ancient cultures cannot be modeled; 2) unknown site location cannot be modeled on the basis    
of known site locations because the population of known sites is biased by sampling errors; and 
3) site models based on environmental factors are environmentally deterministic and therefore 
fatally flawed (Mehrer and Wescott 2006).  Much of the ideas shared at these gatherings have 
helped shape the way that archaeologists are utilizing GIS today.   
It needs to be stressed that GIS for a cultural resource predictability model is a tool and 
will never replace good survey and research using traditional archaeological field methods.  It 
facilitates the planning of projects in a potentially more streamlined manner, but ultimately, a 
human still needs to review the information and dive deeper into the meaning of the modelled 
results.  Statistics will be involved, and depending on what the researcher is looking for, different 
analyses will be used.  How complex the dataset for the model is will determine how one starts 
digging for information.  For example, a linear regression is helpful if one is “simply” trying to 
determine if distance to, say, a water or lithic source plays a role in site locations.  Linear 
regression can be used to model the relationship between two constant variables, but it is mainly 
useful for revealing correlations (positive correlation, zero correlation or negative correlation) 
(Conolly and Lake 2006).  If one were not skilled in GIS, this could be an easy-enough to run 
exercise with the tool to start getting an idea of where to start looking, or not looking, for cultural 




Human behavior is complex, yet could it be so simple and predictable that a computer 
model can describe it?  “We” need safety, reliable food and water sources, a nice view can be 
comforting to our primal core as they typically allow one to see great distances and watch for 
danger or game, and we do appreciate access to the materials necessary for shelter, 
manufacturing tools and processing foods and other goods.  Herein lays the question: why are 
sites sometimes close together and why are they sometimes so far apart?  Humans are not 
random (typically), we generally choose locations based on some valuable asset.  Be it protection 
(shelter, views, etc.), proximity to food or water source, some deeper meaning, there tends to be 
a correlation between where and why we do something and the location that it happens to occur.   
For instance, distance to resources may be calculated in order to understand relationships 
between different primary human needs, or sites may be examined in relation to such attributes 
as aspect or slope angle (Chapman 2009) to understand human selection for exposure to sunlight 
or drainage.  But does a statistically significant correlation indicate that the activities of the past 
were totally determined by their environment or location? 
Coconino National Forest Site Density Predictive Model 
The inspiration for the research presented in this thesis was based on the Coconino 
National Forest Site Density Predictive Model (CNFSDPM).  While their particular model would 
not transfer to the Black Hills National Forest (as these are two distinct parts of the nation with, 
other than a plethora of Ponderosa pine, quite different ecology), the concept of utilizing GIS 
technology to help pinpoint locations where sites may or may not be in high or low density could 




In Spring 2015, I began working as a contractor for the Coconino National Forest where I 
quickly learned that they had developed a predictive model to assist with the planning for a large, 
multi-forest scale undertaking known as Four Forest Restoration Initiative (4FRI) (Gifford et al. 
2011).  The model was called the Coconino National Forest Site Density Predictive Model.  The 
Four Forest Restoration Initiative is a landscape level forest health and restoration project that 
will treat overgrown ponderosa pine forests on the Coconino, Kaibab, Tonto, and Apache-
Sitgreaves National Forests.  To assist with planning efforts for 4FRI, Regional Archaeologist, 
David Johnson, proposed to identify areas of low and high site densities that could be used to 
implement archaeological survey approaches in Appendix J in the USFS Southwestern Region’s 
Programmatic Agreement (USFS 2010).  Following Johnson’s recommendations, Dave Gifford, 
4FRI Heritage Resource Team Lead (former), initiated the process to create models by reaching 
out to GIS Specialist Chris Barrett to learn how to use GIS to create these models.  The 
CNFSDPM was created for the Southwest Region National Forest units participating in the 4FRI 
in Northern Arizona, to aid in the determination of sample survey locations and project planning.  
Other National Forests around the country have attempted their own predictability models, but 
the Coconino National Forest model is the most tested and tailored to particular undertakings that 
I had access to in order to gain experience for the research presented in this thesis.   
The CNFSDPM incorporates cultural and natural resources data to predict archaeological 
site density across the landscape, which in turn is used to identify sample survey locations and 
prescribed survey intensity (Barrett 2011).  The model was developed to assist Heritage 
managers to identify which areas of 4FRI were considered to be low site density, and to provide 




shown below in Figure 2-1 (Gifford et al. 2011).  The model is based on more than 35 years of 
archaeological field survey data on the Coconino National Forest (Gifford et al. 2011).  The 
model used site density predictions, targeted areas for survey as described below, Native 
American consultations, and the archaeologists' knowledge of that area to determine where 
surveys should be located.  Using survey results and monitoring data, the model will continue to 
be revised over the life of the project as needed to develop a more refined tool (Barrett 2017, 
personal communication).  A main challenge that I personally encountered was that the 
Coconino model is not entirely accurate.  As a contractor, we were informed that certain project 
areas that were to be bid upon were “low probability” areas and so the project was bid with that 
in mind.  The reality was that there was an abundance of new cultural resources to document 













The CNFSDPM utilizes Terrestrial Ecological Land Units (TEU) to explore the 
relationship between archaeological sites and the land and the TEUs were developed by a variety 
of specialists in soil, watershed, vegetation, etc.  The Black Hills National Forest did not have 
TEUs already developed, so the first step of this research was to determine what it would take to 
create this for Dome.  Complicating matters, each Forest does not maintain their data in a 
uniform manner and finding the necessary information in a comparable format proved more 
difficult than one would expect.  The research focus shifted towards creating a more “user 
friendly” general template that cultural resource land managers across the Forest Service could 
use to create their own local models relevant to their jurisdiction.   
 A major factor to consider for the new research focus is that each forest would have 
different ecological variables.  To account for this, the current research tested for the statistically 
significant associations between the presence or absence of cultural resources and specific 
environmental variables so that land managers who have access to similar kinds of data could 
take that information into account should they choose to create their own models.   
Dome Analysis Area 
The Black Hills area has a rich, diverse cultural heritage.  Archaeological evidence 
suggests the earliest known use of the area occurred about 12,000 years ago (Padilla 2013).  
Later Native Americans, such as the Arapaho, Cheyenne, Kiowa, and Lakota, came to the Black 
Hills to seek visions and to purify themselves; the Black Hills was also a sanctuary where tribes 
at war could meet in peace.  Exploration of the Black Hills by fur traders and trappers occurred 
in the 1840s (Rom et al. 1996).  In 1874, General George A. Custer led a U.S. Army exploration 




followed this discovery.  The need for wood to build mines, railroads, towns and for use as a fuel 
increased demand for timber and as settlement continued, agriculture and livestock grazing 
added to the area's economic diversity (Black Hills National Forest 2020; Rom et al. 1996).   
A series of large forest fires in 1893 focused attention on the need to protect timber 
resources.  On February 22, 1897, President Grover Cleveland established the Black Hills Forest 
Reserve; this land was protected against fires, wasteful lumbering practices, and timber fraud 
(Black Hills National Forest 2020).  In 1898, the first commercial timber sale on Federal forested 
land in the United States was authorized in the area of Jim and Estes Creeks (near the town of 
Nemo, South Dakota) and cutting began around Christmas 1899.  In 1905, the Black Hills Forest 
Reserve was transferred to the Forest Service, an agency of the U.S. Department of Agriculture.  
Two years later it was renamed the Black Hills National Forest (Black Hills National Forest 
2020).   
In 2009, contractors hired by the Black Hills National Forest were tasked with a large-
scale survey of the Dome planning area to fulfill mandates prescribed in Section 106 of the 
National Historic Preservation Act (NHPA).  These project areas were called Dome East, 
surveyed by C Dimensions (Cooper and Cooper 2009) and Dome West, surveyed by Niwot 
Archaeological Consulting (Noisat 2009).  The contractors were asked to validate any pre-
existing survey and complete intensive field survey of the areas that had not been previously 
surveyed; they were also instructed to monitor existing NRHP eligible sites, record any new sites 
found, and given some (but not all) unevaluated sites to evaluate.  During the years 2011-2014, 
Black Hills Heritage staff were tasked with evaluating the remaining cultural resources (Hammer 




A file search of all cultural resource inventories within one mile of the Dome Analysis 
Area was conducted October 28, 2014 by Alison Hostad.  Records from the State Archaeological 
Research Center of South Dakota, Bureau of Land Management General Land Office (GLO) 
Land Status Database, and BKNF Heritage files were checked to determine the extent of 
previous inventories and previously recorded sites.  At the time this research commenced, there 
were 248 archaeological sites previously recorded within Dome, consisting of precontact, 
postcontact, and multicomponent sites.  To clarify, a multicomponent site on the Black Hills 
National Forest is considered any site that has both precontact and postcontact components.  
Sites with multiple temporal components of just precontact or just postcontact are simply 
considered that type.  In the following sections, more details about the Dome Analysis Area are 
provided and the analytical attributes used to run the statistical analysis are described.  
Physical and Environmental Setting 
Geology and Topography 
The Black Hills are described by Froiland (1990) as “A forested island in a grassland 
sea.”  This unique landform has served as a magnet for human occupations for over 12,000 years 
(Padilla 2013).  The Black Hills uplift is a northwest trending elliptical landform that measures 
roughly 120 miles by 50 miles in size covering an area of approximately six thousand square 
miles.  The Black Hills generally rise 3,000 to 4,000 feet above the surrounding plains with the 
highest point of 7,242 feet (2207 meters) at Harney Peak (Kinsman 2008).   
The Dome Analysis Area (Dome) is an exceptionally diverse landscape.  There are 
approximately 50 different soil types and the vegetation ranges from areas barely covered by 




pine stands.  Dome includes four main physiographic provinces (Table 2-1) of the Black Hills 
known as the Volcanic Mountains (or Central Area), the Limestone Plateau, Red Valley, and the 
Crystalline Basin (Rom et al. 1996).  A GIS exercise indicates that 14,030.5 hectares or 67.86 
percent of the project area lies within the Limestone Plateau, while the Red Valley holds the 
north and eastern boundaries in the low elevations where the Black Hills meet the Great Plains. 
Table 2-1 
 
Physiographic Province Land Coverages in Dome 
 
Physiographic Province ELU Hectares Percent of Dome 
Crystalline Basin 12 & 14 1,712 8.28% 
Volcanic Mountains 15 & 60 4,603.7 22.27% 
Limestone Plateau 24, 26, & 27 14,030.5 67.86% 
Red Valley 43 329.12 1.59% 
 
Topographically, the greater Black Hills consists primarily of four main regions: the 
Hogback, the Red Valley, the Limestone Plateau, and the Central Area and many, small pockets 
of other regions.  The Hogback is a single, hard sandstone ridge forming the initial foothills and 
outer rim of the Black Hills (Rom et al. 1996).  The Red Valley, or “racetrack,” occurs 
immediately inside the Hogback, and forms an almost continuous valley encircling the Hills, 
ranging from several hundred feet to several miles in width (Froiland 1990).  Because of 
generally dry conditions and alkaline soil, the Red Valley does not support most vegetation 
(Rom et al. 1996).  Located inward from the Red Valley is the Limestone Plateau, a broad, 
relatively flat escarpment that forms the main divide of the Black Hills, attaining a maximum 
elevation of 7,100 ft.  The plateau reaches its maximum width of 15 miles between Spearfish 
Canyon in South Dakota and the Grand Canyon in Wyoming (Rom et al. 1996).  The last feature, 




dissected ridges and mountains, such as the Harney Range, scattered between large valleys and 
canyons.  Altitudes in the Central Area or Volcanic Mountains range from 5,000 to 6,000 feet, 
with several peaks (Harney Peak, Bear Mountain, Terry Peak, and Custer Peak) reaching 7,000 
feet or more in elevation.  Sedimentary formations have been eroded from the Central Area, 
leaving Precambrian sedimentary rocks (schists, slates, and quartzites) in different stages of 
metamorphosis (Rom et al. 1996).  In the northern region, near Brownsville, there is a small area 
of volcanic activity where several volcanic pipes have been located.  It is a very small locale and 
produces no culturally useable obsidian (Rom et al. 1996).  A very small portion of the Volcanic 
Mountains Region falls within the Dome project area (some of ELU 60), but most of it was 
within the confines of private property.  
 A GIS review of the Dome Analysis Area shows that it intersects four physiographic 
provinces of the Black Hills, referred to as Ecological Land Units (ELU) which have been 
determined by the U.S. Geological Survey (USGS) and are numbered: Volcanic Mountains, also 
known as the topographical region Central Area, mentioned above; the Limestone Plateau; Red 
Valley; and the Crystalline Basin, which refers to a USGS defined hydrological setting (Miller 
and Driscoll 1998).  The Volcanic Mountains, Ecological Land Units (ELU) 15, 61, and 60, are 
characterized topographically as hills and ridge lands, narrow ridge tops, and narrow, moderately 
steep to steep valleys (Rom et al. 1996) and are found running east-west through the center of the 
Dome Analysis Area.  The native bedrock in this area is primarily composed of quartz and 
rhyolite, with occasional sandstone outcrops; occasionally, volcanic pipes are encountered.  A 
majority of the project area occurs within the Limestone Plateau (ELUs 24-27).  Topography in 




plateau lands, with broad ridge tops divided by narrow, moderately steep to steep valleys.  
Geological exposures in the area include the Pahasapa, Minnelusa, and Opeche formations, with 
the primary bedrock being limestone and minor exposures of quartz monzonite, porphyry, and 
gravel (Rom et al. 1996).  The Red Valley (ELU 43) is typically found in the valley lands that 
surround the periphery of the Black Hills and primarily found penetrating the northern boundary 
of the project area through Boulder Park.  The ELU 43 bedrock consists of the Sundance, 
Spearfish, and Morrison Formations which include limestone, sandstone, and shale, respectively 
(Rom et al. 1996).  The Crystalline Basin (ELUs 12 and 14) intersects the southwest portion of 
the project area in the vicinity south of Windy Flats.  The ELU 14 consists of moderately rolling 
uplands with metamorphic and igneous bedrock that consists of granite, schist, slate, mica schist, 
pegmatite, and quartzite.  A very small portion of ELU 12, which is crystalline hills and ridge 
lands consisting of the same bedrock components, is also found in this area (Rom et al. 1996).   
Soils 
Soils in the Black Hills occur within the Gray Wooded region.  This region is unique for 
South Dakota because the soils have developed largely under a dry sub-humid to humid climate 
(more humid than that of the surrounding plains) (Froiland 1990).  Understanding the soils 
within the project area is important because soils can help us understand how a location might 
have been utilized, for example if they are conducive to agriculture or if they are within a 
floodplain.  
The soils are derived from limestone, sandstone, and local alluvium of igneous and 
metamorphic origin (Rom et al. 1996).  Soils within the project area include a wide variety of 




Dome Analysis Area (19.8%).  These soils primarily consist of loam formed from colluvium 
and/or residuum weathered from limestone, sandstone, and shale.  Vanocker-Sawdust, moist-
Rock outcrop complex soils on 40-80% slopes make up the second largest percentage of the 
project area (13.1%).  These soils primarily consist of clay loam formed from colluvium and/or 
residuum weathered from limestone, sandstone, and shale.  Other dominant soil types in the area 
include Grizzly-Rock Outcrop on 40-80% slopes (5.4%) and Grizzly-Grizzly, thick surface 
complex soils on 10-40% slopes (5.1 %).  Grizzly-Grizzly soils primarily consist of gravelly 
loams that form from residuum and/or colluvium derived from rhyolite and/or igneous rock on 
mountain slopes.  Grizzly-Rock Outcrop soils primarily consist of extremely gravelly loam 
formed from coarse textured colluvium and/or residuum weathered from igneous rock on 
mountain slopes.  The other 56.6 % of the project area is made up of more than 100 other 
individual soil types covering relatively small amounts of land. 
Hydrology 
Major streams on the South Dakota side of the greater Black Hills include Spearfish 
Creek, Bear Butte Creek, Whitewood Creek, Boxelder Creek, Elk Creek, Battle Creek, Spring 
Creek, Castle Creek, Rapid Creek, Lame Johnny Creek, French Creek, Grace Coolidge Creek, 
Beaver Creek, and Fall River (Froiland 1990; Rom et al. 1996).  Perennial and intermittent 
springs are another significant water source in the Black Hills.  Springs are found throughout the 
Hills, but the greatest numbers occur on the Limestone Plateau, where many small side canyon 
heads contain a small spring or seep (Rom et al. 1996).  
The Dome project area is drained by numerous streams and gulches; not all are named, 




Boulder Creek, Deadman Gulch, Dry Elk Gulch, Elk Creek, Grizzly Gulch, Lost Gulch, Meadow 
Creek, Morris Creek, Park Creek, Ruby Gulch, Tilford Gulch, Two Bit Creek, Vanocker Creek, 
Virkula Gulch, and West Strawberry Creek (Hammer and Hostad 2015).  Springs and seeps are 
common in narrow valleys and the project area contains over 70 of these sources including well 
known springs such as Camp 4 Spring, Hill Spring, Lost Soldier Spring, Maki Spring, Pentilla 
Spring, Snyder Spring, Virkula Spring, and Ward Spring.  Overall, one would suspect that water 
availability would not have been a major limiting factor to precontact or postcontact occupation 
of the area (Hammer and Hostad 2015). 
Climate 
The Black Hills have a semi-arid continental climate modified by a Mountain-type 
climate due to the elevation of the Hills above the surrounding plains (Froiland 1990).  This 
results in highly variable climatic conditions characterized by mild to cold winters, warm 
summers, moderate precipitation, low relative humidity, rapid evaporation, and abundant 
sunshine (Rom et al. 1996).  Froiland (1990) divides the Black Hills into northern and southern 
climatic zones, separated by a line extending due west from Rapid City (Rom et al. 1996).  The 
dichotomy rests in the variance between the summer and winter weather patterns.  The northern 
boundary begins in the northern most part of the Hills and extends south to Deerfield.  Deerfield 
to Wind Cave National Park comprises the Southern Hills (Froiland 1990).  Typically, the 
climatic conditions in the Northern Hills include cooler weather, heavier snowfall and more 
thunderstorms leading to more precipitation and cloudier, gustier days.  The Southern Hills’ 




calmer days (Froiland 1990).  The difference in weather patterns has a profound effect on the 
vegetation in the Black Hills. 
The Dome Analysis Area lies within a cooler, wetter portion of the northern Black Hills, 
with annual average precipitation values ranging from 22-26 inches.  Cold waves are common 
during winter, but winter days are relatively mild due to the protection afforded by mountainous 
terrain, the frequent occurrence of chinook winds, and the fact that winter tracks of arctic air 
usually pass east of the Hills.  Extreme temperatures of -40° to -50° F have been recorded but are 
uncommon (Froiland 1990).  Spring is characterized by wide variations in temperature and 
snowfall as late as May or even June; the greatest average monthly snowfall occurs in March 
(Froiland 1990).  Summer days are warm, and nights are cool and comfortable.  The months of 
April to September receive 65-75% of the annual precipitation (Froiland 1990).  Autumn is 
characterized by mild to cool days and freezing temperatures at night.  Autumn typically begins 
in September and lasts to November, with several days or weeks of nicer weather (Froiland 
1990).  The northern Black Hills have a favorable climate for habitation with its abundance of 
water, flora, and fauna; therefore, one could expect that it should yield many different site types 
throughout the thousands of years of human occupation. 
Flora 
The Black Hills region is considered an island in the plains due to its isolation from other 
mountain ranges.  Due to the mountainous nature of the Black Hills, surrounded by high plains 
prairie, a wide range of plants are found within its boundary.  This is good to keep in mind as 
they illustrate the various materials and food sources that have been available to people 




Four distinct vegetative complexes occur in the greater Black Hills geographical region: 
1) Rocky Mountain Coniferous Forest, 2) Northern Coniferous Forest, 3) Grassland, and 4) 
Deciduous Forest (Froiland 1990; Rom et al. 1996).  The majority of the Dome Analysis Area 
consists of the Rocky Mountain Coniferous Forest Complex.  This type of forest is characterized 
by ponderosa pine (Pinus ponderosa) (14,822.8 hectares) dominance interspersed with pockets 
of aspen (Populus tremuloides) (616.7 hectares), Black Hills spruce (Picea glauca) (115.3 
hectares), ground juniper (Juniperus communis), kinnikinnik (Arctostaphylos uva-ursi), paper 
birch (Betula papyifera) (98.34 hectares), bur oak (Quercus macrocarpa) (143.26 hectares), and 
the Rocky Mountain juniper (Juniperus scopulorum).  The Dome Analysis area also contains 
some small stands of Douglas fir (Pseudotsuga menziesii) (approximately 27.5 hectares).  The 
Great Plains Grassland Complex is characterized by park-like valleys, prairies, and meadows 
made up of western wheatgrass (Agropyron smithii), needle-and-thread (Stipa comate), green 
needlegrass (Stipa viridula), prairie junegrass (Koeleria pyramidata), blue grama (Bouteloua 
gracilis), side-oats grama (Bouteloua curtipendula), and buffalo grass (Buchloe dactyloides).   
Other, less dominant plants are also located within the analysis area.  The Northern Coniferous 
Forest is dominated by white spruce (Picea glauca), which reaches its southern limits in the 
Black Hills and extends as far south as Custer State Park and the Harney Range (Rom et al. 
1996).  The Deciduous Forest, which is located primarily in the Eastern Hills on north and east 
slopes, and along drainages, is very thin throughout the Hills but the Northern Black Hills does 





Similar to the diverse plant life, the Black Hills supports a wide variety of Rocky 
Mountain and Great Plains animal species that have supported humans’ existence throughout the 
years (Froiland 1990; Rom et al. 1996).  Large mammals include the pronghorn antelope 
(Antilocapra Americana), elk (Cervus Canadensis), mule deer (Odocoileus hemionus), white-
tailed deer (Odocoileus virginiana docotensis), mountain lion (Felis concolor hipolestes), coyote 
(Canis Latrans), mountain sheep (Ovis Canadensis), red fox (Vulpes vulpes), and bobcat (Felis 
rufus).  Other notable animals include white-tailed jackrabbit (Lepus townsendii campanius), 
black-footed ferret (Mustela nigripes), black-tailed prairie dog (Cynomys ludoviciannus), pine 
marten (Martes Americana vulpine), Canadian lynx (Lynx Canadensis), Nuttalls cottontail 
(Sylvilagus nuttallii grangeri), beaver (Castor candensis missouriensis), porcupine (Erethizon 
dorsatum), skunk (Mephitus mephitis), red squirrel (Tamiasciurus hudsonicus dakotensis), least 
chipmunk (Eutamias minimus silvaticus), pack rat (Neotoma cinerea), and raccoon (Procyon 
lotor).  Bison (Bison bison), wolf (Canis lupus), grizzly bear (Urus arctos), and black bear (Urus 
americanus) were also important animals to the natural Black Hills environment before they 
were driven from the area by white settlement. 
Cultural History 
Humans have lived in the Black Hills almost constantly for approximately the past 
12,000 years (Padilla 2013; Cooper and Cooper 2009; Froiland 1990; Noisat 2009; Rom et al. 
1996). Archaeologists have divided the cultural history of the Black Hills into two basic stages; 
the first consists of the precontact period of the Black Hills defined by Native American 




defined by the rapid cultural transformation that occurred during white influence and settlement 
of the Black Hills (Cooper and Cooper 2009; Froiland 1990; Noisat 2009; Rom et al. 1996).  
Archaeologists have broken down the precontact period into even further stages that consist of 
the Paleoindian (12,000-7,500 BP), Early Archaic (7,500-5,000 BP), Middle Archaic (5,000-
3,000 BP), Late Archaic (3,000-1,500 BP), and Late Precontact (1,500-500 BP) time periods 
(Hammer and Hostad 2015).  The overlap between the precontact and postcontact time periods is 
generally known as the Protohistoric period (500-100 BP) (Cooper and Cooper 2009; Froiland 
1990; Noisat 2009; Rom et al. 1996). 
The Dome Analysis Area contains numerous cultural resources that relate to the 
precontact and postcontact time periods representing various aspects of occupation and 
utilization of resources in the northwest Black Hills.  At the time of data collection in 2014 there 
were 143 postcontact sites, 92 precontact sites, and 13 multicomponent sites (meaning both 
postcontact and precontact components are present) recorded within the Dome Analysis Area 
boundary (Hammer and Hostad 2015).  Cultural resources that are associated with the 
postcontact period outnumber those that have been documented as precontact.  The geology of 
this area appears to have been a focal point of people during precontact times for chert and 
quartzite material quarrying activities; these local material types were favored for stone tool 
manufacture (Froiland 1990; Rom et al. 1996).  The following sections provide a brief culture 
history for the major periods that represent the human occupation that created the sites in the 
Dome Analysis Area sample (Hammer and Hostad 2015).  However, it is important to remember 




component and whether or not it is statistically associated with specific environmental variables; 
it does not seek to analyze culture-specific settlement patterns.  
Paleoindian 
The earliest occupation of North America has been dated to the Paleoindian period 
between 12,000–7,500 BP (Froiland 1990; Rom et al. 1996; Padilla 2013).  The Paleoindian 
peoples were present during a rapidly changing environment and, therefore, were required to 
rapidly adapt to their surroundings.  They were migratory, just as subsequent occupants of the 
northwest Great Plains, and followed seasonal adaptive subsistence strategies.  Archaeologists 
have defined multiple trends in Paleoindian settlement and subsistence patterns in the Black Hills 
(Rom et al. 1996) that range continuously from Early Paleoindian through Late Paleoindian.  
These include the cultures Goshen (Circa 10,200 BP), Folsom (10,900-10,200 BP), Agate Basin 
(10,500-10,000 BP), Hell Gap (10,000-9500 BP), Cody/Alberta (10,560-9000 BP), 
Fredrick/James Allen (9080-8000 BP), and Lusk (Circa 7900 BP) (Kornfeld et al. 2010).  Recent 
discoveries, as mentioned above, support that Clovis was present as well (Padilla 2013).   
Archaic 
The transition from Paleoindian to Archaic on the Northwestern Plains coincides with the 
transition from a relatively moist, cool climate to a drier and warmer episode termed the 
Altithermal (Sundstrom 1989).  The Altithermal climate redefined the landscape leading the 
Black Hills to become a likely important oasis for bison among the dry plains, which could have 
sustained large populations for communal hunting (Frison 1998).  During the Early Archaic 
relatively few people occupied the Northern Plains.  Those that did are defined as part of the 




Archaic period (8,000-5,000 BP) is characterized by larger, side-notched, and lanceolate un-
notched points.  The first seed grinding tools and small storage/cache pits date to 8,500 BP, and 
manos and metates, grinding slabs, and fire pits first appear ca. 7,500 BP (Kornfeld et al. 2010).  
Caves and rockshelters are typical of Early Archaic period habitation sites, although some house 
pits are known to exist (Hammer and Hostad 2015; Rom et al. 1996).  Although faunal remains 
from the Early Archaic period are scarce, medium and small sized mammals including mountain 
sheep, deer, rabbit, marmot, and wood rat are represented.  Bison are nearly absent from the 
faunal record within the Black Hills; kills sites can be found around the periphery, such as the 
Hawken site (Frison et al 1976).  Data suggest that Early Archaic sites are located on lower 
slopes and valley floors (Rom et al. 1996:2b-3).  Most of these settlement attributes look a lot 
like those described for Paleoindian occupations, mostly due to the fact that during the Archaic 
many of the preexisting Paleoindian groups retained some of their big game hunting heritage 
(Rom et al. 1996).  
Within the Black Hills region, archaeological sites representing the rest of the Archaic 
period, including the Middle and Late Archaic, circa 5,000-1,500 BP, are abundant.  Evidence 
from archaeological sites dating to this period on the northwestern Plains generally reflects a 
gradual transition from big game hunting to a broader, more diverse subsistence pattern that 
included migratory hunting and gathering (Frison 1978; Sundstrom 1989).  The Middle Archaic 
(4600-3650 BP) is marked by a significant increase in the number of archaeological sites found 
in the Black Hills region (Sundstrom 1989).  The McKean complex represents the major group 
who occupied the Black Hills during the Middle Archaic.  The diversity of the McKean complex 




include the communal hunting of bison and dependence on a variety of small and medium sized 
animals (Frison 1978; Kornfeld et al. 2010; Rom et al. 1996; Sundstrom 1989).  The Late 
Archaic is marked by a continued increase in the number of archaeological sites found in the 
Black Hills region; cultural groups identified during this time period include Pelican Lake (Circa 
3500-2200 BP), Yonkee (Circa 3100-2300 BP), and Besant (Circa 1900-1300 BP) (Kornfeld et 
al. 2010:2.1).  Surface finds of Pelican Lake, Besant and other Late Archaic projectile points are 
common throughout the Black Hills (Rom et al. 1996:2d-5; Tratebas 1986).  
Late Precontact and Protohistoric Periods 
The Late Precontact period began with the introduction of the bow and arrow; this change 
in technology is represented archaeologically by smaller projectile points (Kornfeld et al. 2010).  
Late precontact cultures are defined by their projectile point and ceramic remains.  They include 
the Avonlea, Prairie Side-Notched, Upper Missouri, and Plains Side-Notched cultures (Kornfeld 
et al. 2010).  The latter part of the Late Precontact Period abruptly met the influence of European 
exploration of the New World.  The horse, disease, guns, and metal all rapidly moved across the 
continent reaching the Plains Indians who called the Black Hills home.  Based on the historic 
record, horses may have made it into the Black Hills region by as early as 1682 (Calloway 
2003:268); by the 1770s horses were widely being used by Plains Tribes who used the Black 
Hills.  These massive cultural changes influenced the American Indians living in the Black Hills. 
Modern Tribes that moved through the Black Hills during this time period include the 
Crow, Kiowa, Plains Apache, Arapaho, Padouca Apache, Yamparika Comanche, Mandan, 
Hidatsa, Arikara, Ponca, Cheyenne, and Lakota (Ostler 2010:12-13).  To many of these tribes, 




geographic places within the Black Hills are mentioned in these tribes’ cultural and religious 
teachings.  These spiritually significant locations include Bear Lodge Butte (Devil’s Tower), 
Bear Butte, the Racetrack or Red Valley, Buffalo Gap, Craven Canyon, Pe Sla (Gillette Prairie), 
the Hot Springs-Minnekahta area, Inyan Kara, Harney Peak, Black Buttes, White Butte, 
Sundance Mountain, Wind Cave, and the Rapid Creek Valley (Goodman 1992:12; Sundstrom 
1997).  Archaeological sites representing the late precontact and protohistoric periods often are 
located in the vicinity of these geographic locations. 
Early Postcontact Period 
The postcontact period of the Black Hills overlaps with the protohistoric period and 
began with the expansion of white European fur traders and trappers into the Black Hills area.  
The first 114 years of historic use of the Black Hills was marked by short term exploration of the 
area.  Early exploration may have occurred as early as the mid-1700s with more reliable accounts 
of exploration in the Black Hills occurring in 1803 after the Louisiana Purchase, when President 
Thomas Jefferson appointed Meriwether Lewis and William Clark to explore the new territory 
(Kinsman 2008).  Most of the early excursions into the Black Hills were for the purpose of 
exploration in support of the fur trade (Rom et al. 1996).  
Beginning in 1743 French fur traders Francois and Louis-Joseph La Verendrye likely 
became the first Europeans to see and possibly enter the Black Hills (Wolff 2009).  In 1804, Jean 
Valle claimed to have moved up the Cheyenne River and entered the “Black Mountains” (Wolff 
2009).  In 1823, Jedediah Smith led a group of fur traders into the Hills (Wolff 2009).  Although 
little evidence exists, other fur traders and possibly miners may have entered the Black Hills 




place in 1857 when the United States military began exploring the region (Wolff 2009).  In 1857 
Kemble Warren led a military expedition along the edge of the Hills, and in 1859, William 
Reynolds led another expedition into the Hills.  By 1874, rumors of gold in the Black Hills 
pushed Lieutenant Colonel George Custer to lead the first major military expedition to enter the 
Black Hill’s interior.  Custer’s party discovered gold, leading to the rapid white settlement of the 
Black Hills over the next 25 years (Wolff 2009).  After gold was discovered, miners flocked into 
the Hills.  Towns were formed and businesses and settlers followed.  By 1900 the Black Hills 
were largely settled by homesteaders and miners.  Archaeological sites indicative of these 
activities can be found throughout Black Hills area. 
Postcontact Period 
Postcontact occupations in the Black Hills have been defined in the BKNF as being 
directly related to mining, logging, homesteading, or during later times, Civilian Conservation 
Corps (CCC) developments, or ranching.  
Mining.  The earliest record of mining related exploration and activity is 1833.  The 
years 1833 to 1874 saw much exploration into the hills for the purposes of seeking gold; many of 
these explorations were thwarted by the Lakota and the extreme winter conditions (Rom et al. 
1996).  Information collected by the early trappers and traders enticed individuals or small 
parties to penetrate the Black Hills in search of valuable minerals.  A stone found in 1887 near 
Spearfish, by a stonemason named Thoen, had a message scratched into the stone that stated that 
a party had come to the Black Hills in 1833, got gold in 1834, and lost their belongings to the 
Indians (Parker 1966:10-11).  The names DeLacompt, Ezra Kind, G. W. Wood, T. Brown, W. 




message that all were killed except Ezra Kind and he was being hunted by Indians.  Authenticity 
of the stone has never been established; however, a relative of Brown related that his uncle had 
left with an adventurer named Kind in the 1830s (Rom et al. 1996:4a-5).  It should be noted that 
many archaeologists and historians challenge the authenticity of the “Thoen stone” account.  
Gold was discovered in the northern Black Hills as early as August 1875 by Frank 
Bryant, John B. Pearson, Thomas Moore, Richard Low, James Pierman, Sam Blodgett, and 
George Hauser (Rom et al. 1996:4a-8).  Eventually four mining districts existed in the 
northeastern Black Hills.  They included Lost Mining, Deadwood, Upper Whitewood, and Lower 
Whitewood (Rom et al. 1996:5a-16).  
While most mining exploits in the hills were fairly individualized with the exception of 
some small company interests, the largest and most well-known of all the mining operations is 
the Homestake Mining Company.  Homestake has had a long history of mining operations in the 
Black Hills that dates back to the 1870s (Rom et al. 1996).  George Hurst was the proprietor who 
organized what ended up dominating a majority of the mining operations in the Northern Black 
Hills (Rom et al. 1996).  With the boom of mining in the Black Hills came the need for timber 
for residential and mine construction.  Hurst understood that controlling the timber and water 
resources in addition to mining claims was the best method of being successful on a large scale 
(Rom et al. 1996:5a-12).  Rail lines were also constructed to move timber to Deadwood and Lead 
and the lines were also utilized for moving ore to the mills (Rom et al. 1996). 
The Homestake Mining Company owned, operated, and constructed huge water diversion 
systems to supply hydroelectric, mining, and domestic needs for the operations.  What is left of 




tunnels, pipes, and associated features such as dams, penstocks, trestles, and hydroelectric 
facilities (Rom et al. 1996:5a-15) and many of them are still in use today to transport water to 
local municipalities.  
Ranching.  The first herd of cattle was brought to the Black Hills in the spring of 1876, 
during the height of the gold rush (Kinsman 2008).  The Black Hills gold rush and treaties with 
the Sioux and Cheyenne requiring beef rations provided new and lucrative markets for beef 
besides the Chicago and eastern markets (Athearn 1965).  Unfortunately, the cattle boom was 
over as quickly as it had begun (Athearn 1965).  Northern herds were reduced by as much as 
75% as a result of the big “die out” in the winter of 1886-87 (Lee and Williams 1964:154-56).  
By 1890, the days of the big cattle operations were waning.  The second “cattle boom” in the 
area occurred from 1902 to 1914, which essentially closed the open range (Rom et al. 1996:4a-
14).  After the turn of the century, small farms and family ranches had become the norm in 
western South Dakota (Rom et al. 1996:4a-14).  
Homesteading.  Homesteading began as early as 1883 in which 22,061 claims were 
made (Kinsman 2008).  The main population booms occurred between 1878-1887 and 1902-
1914 (Rom et al. 1996).  Many new laws enacted by Congress at the time played a large role in 
the development of the Black Hills.  As described by Rom et al. (1996:4a-15), 
The 1862 Homestead Act allowed any head of family to file on 160 acres of land either 
by buying the land outright at $l.25 an acre or by working and living on the land for five years.  
Next, the 1873 Timber Culture Act allowed settlers to take title to 160 acres provided 40 acres 
had been planted with trees and cared for 10 years.  In 1878, the required number of acres was 




Desert Land Act.  This 1877 law allowed settlers to purchase 640 acres of land if it was irrigated 
within three years of filing for the claim.  Two other acts, the Enlarged Homestead Act of 1909 
and the Stock Raising Homestead Act of 1914, provided for larger holdings in drier areas of the 
West.  
In nearly every open valley or meadow abutting a stand of Ponderosa, you will find 
remnants of these homesteads; some have been absorbed by the National Forest, while others 
remain with the descendants of the original homesteaders.  A review of the Bureau of Land 
Management Land Office records, along with census records, indicates that the Black Hills were 
a bustling place in the late 1800s-early 1900s.  Many of the communities that now are nearly 
ghost towns once supported thousands of settlers and miners.  
Logging.  The lumber and logging industry in the Black Hills began virtually 
simultaneously with the mining industry due to a demand for lumber for houses, timber for 
mines, and for fuel (Scott 1988).  No effort was made to manage the lumber resources through 
the 1880s and areas around steam-powered sawmills were clear-cut until they had to be moved to 
a new location (Kinsman 2008).  In addition, railroad construction and operation also increased 
this demand (Scott 1988:9). 
Outside markets for Black Hills lumber were not exploited until the 1900s.  After the 
Black Hills Forest Reserve was created in 1897, the first timber sale was sold to the Homestake 
Mining Company in 1899.  This sale, known as Case No. 1, established procedures and 
precedents that were used in other reserves for several years (Scott 1988:9).  The majority of 
early sales, after the forest came under federal control, were of dead or insect infested timber 




After 1900, increased settlement in western South Dakota created another market for 
Black Hills lumber.  By the 1920s, most of the harvested timber was used for posts, poles, and 
pulpwood (Scott 1988:9) and the export market expanded to eastern South Dakota, Nebraska, 
and Iowa.  In the 1920s, the general prosperity resulted in friendly terms between the lumber 
industry and the Forest Service, and the Black Hills National Forest began managing the timber 
(Kinsman 2008).  The National Forest would supply the demand through strategic cutting and 
reforestation.  After World War II, Forest Service policy forced the abandonment of clear-cutting 
as a logging method and timber was instead logged in 10-year cycles (Scott 1988:10).  The 
timber industry remains a major contributor to the economy of the Black Hills area today.  
Civilian Conservation Corps (CCC) and Works Projects Administration (WPA). 
Two civilian relief programs were established by President Franklin Delano Roosevelt’s 
legislation which authorized the Emergency Conservation Work Act during the Great Depression 
in the United States to provide jobs for the unemployed.  In general, most CCC projects were 
done for state or federal agencies, while WPA projects were done for municipalities and counties 
(Rom et al. 1996).  The CCC was a federal reconstruction program enacted to stimulate recovery 
from the economic collapse of 1929 and droughts that had caused the Great Depression of the 
1930s, and the WPA was started in 1935 to provide jobs for unemployed workers, mostly in 
response to the great droughts of 1933 and 1934 (Cohen 1980; Lacy 1976; Merrill 1981; Otis et 
al. 1986; Salmond 1967).  The droughts left many family farms and agricultural workers without 
a way to make a living.  The CCC crews that operated in the Black Hills from 1933 to 1941 were 




agencies, which were hired to hire and train the crews (Rom et al. 1996).  The Works Progress 
Administration (WPA) was also active in the Black Hills during the 1930s (Schell 1961).   
The WPA and CCC projects were many and consisted of the construction of whatever 
was needed in the area.  Bridges, fire towers, service buildings, truck trails, roads, foot trails, and 
landing fields for airplanes can be found throughout the region.  Other projects can be seen 
throughout the area that include: erosion control through check dams, terracing, and planting 
protective vegetation; irrigation and drainage projects, including construction of dams, ditches; 
and channeling and riprapping for stream improvement to help mitigate the effects of the 
droughts and prevent future water shortages can be seen throughout the area.  Range 
improvement projects, such as constructing stock watering systems and predator eradication, 
along with planting trees and improving stands in forests for timber management purposes were 
among the other undertakings of these hardworking groups.  Some of the most visible works that 
are enjoyed to this day are the construction or improvement of recreation sites such as public 
campgrounds and picnicking facilities, including the improvement of lakes and ponds (including 
fish stocking and mosquito control).  Workers were also training in local emergency response, 
such as firefighting, fire prevention, insect and disease control, and any other emergency work 
that was needed (Derscheid 1986; Otis et al. 1986; Rom et al. 1996:4c-1, 4c-2). 
Sites that are found in the Black Hills and related to these federal projects include worker 
camps, recreational facilities (picnic areas, campgrounds, dams, and lakes), culverts, bridges, fire 
lookout towers, ranger offices and facilities, check dams, powder caches, and other public 





While there is no universal definition of a “cultural resource site” or “historic properties,” 
per Federal regulation 36 CFR 800.16(l)(1):  
Historic property means any prehistoric or historic district, site, building, structure, or 
object included in, or eligible for inclusion in, the National Register of Historic Places 
maintained by the Secretary of the Interior.  This term includes artifacts, records, and remains 
that are related to and located within such properties.  The term includes properties of traditional 
religious and cultural importance to an Indian tribe or Native Hawaiian organization and that 
meet the National Register criteria.  
The National Historic Preservation Act (NHPA) sets forth government policy and 
procedures regarding “historic properties”—that is, districts, sites, buildings, structures, and 
objects included in or eligible for the National Register of Historic Places.  Section 106 of 
NHPA, as amended, requires that Federal agencies consider the effects of their actions on such 
properties, following regulations issued by the Advisory Council on Historic Preservation (36 
CFR 800.3).  
Each land jurisdiction throughout the world may have its refined definition of a site.  The 
Black Hills National Forest follows a 50-year standard (i.e., any cultural resource over 50-years 
old) and applies it to all cultural resources located within their jurisdiction.  This includes 
anything from two artifacts (of different materials) to thousands; in the State of South Dakota, 
where the Dome Analysis Area is located, it is understood that ‘one to ten artifacts’ (generally of 
the same material) is considered and referred to as an isolated find, if through subsurface testing 




recorded in a trackable database until only more recent times; therefore, due to this incomplete 
data, IFs will not be included as part of this analysis.  While it is acknowledged that they do 
constitute a presence of archaeological activity, they are generally single instance activities and 




Chapter 3: Methods 
Collection of data for all previously recorded cultural resource sites began in the fall of 
2014 with a search of the BKNF Heritage GIS database layers, as well as the South Dakota 
Archaeological Research Center online site files.  The current research focuses on analyzing data 
that were collected prior to that point and, therefore, no field time was required.  As of the spring 
of 2015, the Dome Analysis Area was comprised of 248 recorded sites that of precontact, 
postcontact, and multicomponent sites.  For clarification, the BKNF considers a site with both 
precontact and postcontact components to be a multicomponent site.  If sites have multiple 
precontact components, they are simply documented as precontact.  Sites that have been 
recorded as a point or a polygon will be analyzed in relation to their environmental components 
for this research.  
Of the 248 cultural resource sites, data are utilized from 216 of the previously 
documented cultural resource sites within Dome for reasons described as follows.  Six of the 248 
sites are what the Black Hills National Forest considers a linear site and linear sites within this 
analysis area that consist of roads, trails, and railroad lines that have not been recorded in their 
entirety; generally, only what was observed during and within the various project survey 
boundaries would have been documented and the features undoubtedly extend further.  The 
linear sites also cross such a wide range of the landscape that a single datum cannot be 
determined, and they would very likely skew the analysis and final results; therefore, any site 
that has been designated a linear site is not included in this analysis.  
39MD3002 is the trinomial number that was ascribed to the historically jurisdictional 




(Putz 1973), before the Black Hills National Forest was designated.  The Forest Service has no 
jurisdictional management of what remains of Fort Meade and the small 82-acre (33.18 hectares) 
portion that falls within the Forest boundary is nothing more than an antiquated boundary line, so 
39MD3002 has no information to contribute to this study.  There are approximately 20 sites 
within the greater Dome boundary that are on private land inholdings.  Per general protocol on 
the Black Hills, sites on private properties are typically not recorded due to jurisdictional issues, 
so little is known about cultural resources in these areas.  In the rare instance that data have been 
provided or recorded during agreements with private landowners or easement surveys, 
information for those sites has been included in this analysis.  It is acknowledged that the lack of 
information from the tracts of private property could have the potential to skew the final data; 
although I feel that there are enough “periphery” sites (documented on Black Hills lands, with 
boundaries “ending” at jurisdictional lines) to help fill that void. 
There is a plethora of isolated finds, which are cultural resources that do not meet the 
BKNF or State of South Dakota definition of a site.  While they admittedly could be helpful due 
to the serious lack of consistency in how these were documented and lack of centralized tracking 
they will not be considered for this research.  
The original approach proposed for this research in 2014 intended to build a model for 
predicting cultural site locations.  In the process of attempting this, many challenges were 
encountered that required a shift in focus to instead test for statistically significant associations 
between the presence or absence of cultural resources and specific environmental variables.  
However, the problems encountered attempting to replicate the predictive model used by the 




also wishing to try something similar and so the following section explains the initial attempt at 
model building and the significant issues encountered. 
To replicate the concept of the Coconino National Forest model, Dome needed to be 
divided into various units referred to as TEUs (terrestrial ecological land units) which are unique 
combinations of the variables mentioned previously.  Having TEUs seemed like the most logical 
way to analyze the land for project undertakings, so the research proceeded under the assumption 
that this was a set of information that every National Forest held, as it organizes all of the land 
into groupings of similar characteristics.  I spoke with Mr. Barrett (personal communication 
2017), who helped develop the CNFSDPM, on various occasions to try to understand what a 
TEU actually consisted of so I could ask the GIS specialists on the Black Hills National Forest to 
find this same information for me.  By no fault of his own, he was not able to give me a set 
definition since every National Forest is different and, for the CNFSDPM the TEUs were defined 
specifically for this model.  Unfortunately, the Coconino National Forest does not collect data in 
the same way the Black Hills does.  When GIS specialists on the Black Hills National Forest 
were contacted for assistance, they had no idea what a TEU was and, therefore, had no way to 
help unless I wanted to create them–then they may be able to furnish individual resource data.  
After much research into what TEUs consist of and how they are created, I came to 
understand that data from many specialists (botanists, hydrologists, geologists, soil scientists, 
silviculturists, etc.) go into the formulation of these units, as well as quite a bit of data that I did 
not have access to.  Creation of TEUs takes more than a “quick exercise” in GIS and it appeared 
that federal cultural resource land managers likely did not have the time for undertaking such a 




identified a page dedicated to Terrestrial Ecological Unit Inventory (TEUI) that described TEUI 
as: 
A system to classify ecosystem types and map ecological units at different 
spatial scales.  The system distinguishes among land areas that differ in important 
ecological factors, such as geology, climate, soils, hydrology, and vegetation.  
Maps and information about ecological units are applied in land use planning to 
describe land capability and identify suitability for various uses.  
and furthermore, there was a Geospatial Toolkit: 
The Terrestrial Ecological Unit Inventory Geospatial Toolkit (TEUI Toolkit) 
is an ArcGIS extension that assists users in mapping and analyzing landscapes 
using geospatial data.  The Toolkit accelerates the TEUI and Soil Survey mapping 
process but can also be used for other natural resource mapping efforts.  The 
Toolkit utilizes raster data (e.g., slope, aspect, elevation), polygon data (e.g., map 
units), and point data (e.g., soil pedon or vegetation plots), to calculate zonal 
statistics and display the results in tabular or graphical format.  The TEUI Toolkit 
was developed and is maintained by the USFS Remote Sensing Applications 
Center (RSAC) in Salt Lake City, UT 
In late 2020, I contacted the Geospatial Technology and Applications Center (GTAC) 
team in Salt Lake City via email because this is the group that manages this toolkit and the 
website said they could help users locate any necessary information needed.  As information on 
whether TEUs had been created for the Black Hills National Forest could not be found, it was 




inventing the BKNF TEUs.  While waiting for replies, I loaded the toolkit into my ArcGIS to 
determine what data files would be needed and began to explore the possibilities.  The toolkit 
came with a user guide, but it was not intuitive, it overwhelmed the computer processors every 
single time it was run (even with the simplest of variables), and the results were baffling.  I heard 
back from various members of the TEUI team and learned that no one had created TEUs for the 
Black Hills National Forest, but the team was helpful and tried to locate the data that I would 
need.  It did not take more than a day for someone to inform me that they could not find the 
necessary data in the corporate data system (Robert Vaughn, personal communication November 
2020).  Meanwhile, I learned that the survey for the development of TEUs on the Coconino 
National Forest began in the late 1980s (Larry Laing, personal communication November 2020).  
Multiple emails were exchanged over the following weeks as useable data were located and 
shared; I had soil and hydrology information, but needed assistance getting access to the 
vegetation data.  Once that was located, I needed keys to interpret the data and what was 
received was not user-friendly, it required serious simplifying and re-formatting.  
I was able to eventually access the “Veg Spatial” layers–which are needed to determine 
not only ground cover, but canopy types in the project area.  Dr. Michael Hilton introduced me to 
Donna Laing, BKNF GIS Specialist, who was incredibly helpful in getting me this huge layer 
and helping me tease out which attributes would be useful to my task.  The Veg Spatial layers 
were eventually combined with GIS layers for other environmental and geologic characteristics 
present at each cultural resource in order to create a set of attributes that could then be evaluated 




After learning that creating TEUs was not a straightforward task that could be replicated 
from one National Forest to another, as they require multiple specialists’ input and a GIS 
specialist to combine the data, other ways to analyze the landscape and to identify significant 
associations between cultural resources and natural environmental attributes were explored.  This 
is when the research turned to the Ecological Land Units (ELUs).  ELUs are a land classification 
system created by the USGS which is defined by five sub-systems: landform, soil, vegetation, 
aquatic, and animal life-form.  ELU information is useful for interpretive research, and such data 
can help organize observations around the environmental factors of cultural resource sites (Rom 
et al. 1996).  Essentially, ELUs are a more generalized version of what TEUs are understood to 
be. 
The following section describes the attributes used to test for statistical significance.  The 
ELUs were used as the independent variable to 1) see which environmental attributes may be 
more favorable to site locations; and 2) to see if specific ELUs can lend any assistance to 
determining the likelihood of cultural resource site locations.    
ELUs and the Blind Study 
The current research essentially seeks to evaluate if any ELUs have a statistically 
significant relationship with the presence of cultural resources, and if so, to further define which 
of the ELU component sub-systems may be influencing that relationship.  
Within the great Dome Analysis Area (which includes everything within the boundary–
Forest and non-Forest lands), there are eight ELUs (12, 14, 15, 24, 26, 27, 43, and 60) (Figure   
3-1, Table 3-1), but for this research two of those were dropped.  ELU 12 was just a tiny sliver of 




Service lands, so ELU 43 was not analyzed because the Black Hills National Forest has no 
jurisdiction there. 
A majority of the project area occurs within the Limestone Plateau (ELUs 24, 26, and 27, 
see Table 3-2).  Topography in ELU 24 consists of steeply dipping plateau lands, while ELUs 26 
and 27 consist of gently dipping plateau lands, with broad ridge tops divided by narrow, 
moderately steep to steep valleys.  Geological exposures in the area include the Pahasapa, 
Minnelusa, and Opeche formations, with the primary bedrock being limestone and minor 
exposures of quartz monzonite, porphyry, and gravel (Hammer and Hostad 2015; Rom et al. 
1996).  
The Crystalline Basin intersects the southwest portion of the project area in the vicinity 
south of Windy Flats.  ELU 14 consists of moderately rolling uplands with metamorphic and 
igneous bedrock that consists of granite, schist, slate, mica schist, pegmatite, and quartzite 













ELU Acreage and Percentage within Dome Analysis Area 
 
 Hectares Percent 
ELU 12 7.72 0.04% 
ELU 14 1,704.3 8.24% 
ELU 15 2,540.2 12.29% 
ELU 24 5,175.06 25.03% 
ELU 26 5,963.24 28.84% 
ELU 27 2,892.18 13.99% 
ELU 43 329.12 1.59% 





Originally, the project area was going to be divided in GIS by arbitrarily choosing three 
“blind study” areas to exclude from analysis so the site probability model predictions could be 
tested against them.  Since the original approach to building the model on the TEU concept did 
not work, a different strategy was devised.  An exercise in GIS was first performed to determine 
all of the different environmental variables present within each site boundary, starting with ELUs 
and working down the list of sub-system variables to join in a new attribute with each run of the 
exercise.  
After determining that the original intent of creating a user-friendly GIS-based model that 
anyone could replicate was a much greater undertaking than anticipated, so the research switched 
focus to identifying statistically significant associations between cultural resources and 
environmental characteristics that future land managers or GIS specialists could then use to 
begin building tailored probability models for the BKNF. 
Soil Types 
The abundance of soil types (Table 3-2; Figure 3-2) will be simplified to the Great 
Group/Sub-Order/Order level, which results in 11 distinct categories.  Using this level of 
taxonomic classification provides useful information about the diagnostic epipedon, moisture 
regime, and diagnostic subsurface horizons that could be useful to know in the field, could be 
coordinated with other resource management decisions, and provides a manageable number of 







Soils in Dome Analysis Area 
 
Series 1 Taxonomic Class Epipedon Soil Moisture 
Boneek Mesic Aridic Arguistolls Mollic Unknown 
Bullflat Frigid Typic Arguistolls Mollic Ustic 
Buska Frigid Glossic Hapludalfs Ochric Typic Udic 
Citadel Frigid Typic Hapludalfs Ochric Well Drained 
Cordeston Frigid Cumulic Hapludolls Mollic Well Drained 
Grizzly Frigid Haplic Glossudalfs Mollic Typic Udic 
Heely Frigid Typic Hapludolls Mollic Well Drained 
Hickok Frigid Inceptic Hapludalfs Ochric Well Drained 
Hilger Frigid Typic Arguistolls Mollic Ustic 
Hopdraw Frigid Typic Ustorthents Ochric Excessively Drained 
Marshbrook Frigid Cumulic Endoaquolls Mollic Poorly Drained 
Mccooley Frigid Lamellic Hapludalfs Ochric Excessively Drained 
Nevee Mesic Aridic Ustorthents Ochric Well Drained 
Opechekahta Frigid Typic Calciustepts Ochric Well Drained 
Pactola Frigid Glossic Hapludalfs Ochric Well Drained 
Rapidcreek Frigid Typic Udifluvents Ochric Well - Excessively Drained 
Rockerville Frigid Lithic Calciustolls Mollic Well Drained 
Rockoa Frigid Glossic Hapludalfs Ochric Well Drained 
Roubaix Frigid Haplic Glossudalfs Ochric Well Drained 
Sawdust Frigid Typic Ustorthents Unknown Well Drained 
Schaeferville Frigid Typic Haplustepts Ochric Well Drained 
Tilford Frigid Typic Haplustolls Mollic Well Drained 
Tollflat Frigid Typic Hapludalfs Ochric Well Drained 
Vanocker Typic Inceptic Hapludalfs Ochric Well Drained 
Vassett Typic Typic Arguistolls Mollic Well Drained 
Virkula Typic Glossic Hapludalfs Ochric Well Drained 
 
By using the Great Group/Sub-Order/Order portion of the soil series, the following 
categories resulted: Arguistoll, Hapludalf, Glossudalf, Hapludoll, Ustorthent, Endoaquoll, 











Hydrology is an important environmental attribute for this study because humans and 
everything that we depend on to live requires water.  The Blacks Hills has an abundance of water 
sources and it could prove beneficial to land managers to understand how past cultures settled 
based on the different hydrological features.  For the sake of the study, distance to any perennial 




Perennial and intermittent springs are a significant water source in the Black Hills.  
Springs are found throughout the Hills, but the greatest number occur on the Limestone Plateau 
where many small side-canyon heads contain a small spring or seep (Rom et al. 1996:1B-2).  
There are eight perennial creeks (Bear Butte, Elk, Meadow, Morris, Park, Two Bit, Vanocker, 
and West Strawberry), two intermittent creeks (Alkali and Boulder), and eight gulches (Butcher, 
Deadman, Dry Elk, Grizzly, Lost, Ruby, Tilford, and Virkula) that flow intermittently 
throughout the year.  There are eight named springs in Dome and approximately 70 other “water 
points” consisting primarily of unnamed seeps (Figure 3-3).  Overall, water availability should 
not have been a major limiting factor to precontact or postcontact occupation of the area. 
Distance to water will be broken down to four categories that were arbitrarily determined 
assuming decreasing levels of convenience: Close (0-150 meters; 1) Moderate (151-300 meters; 
2) Far (301-500 meters; 3) Very Far (beyond 500 meters; 4) and will focus on only perennial and 
intermittent streams and springs.  Of course, slope will need to be considered.  For example, if a 
water source is 50 meters away, but down a steep embankment, it could be classified as “close”, 

















Vegetation is an important environmental attribute for this study because, depending on 
the type of ground or crown cover present, the use patterns could be different.  Some vegetation 
may be significant for gathering of resources for habitation or fuel, while others may be 
considered a sacred or medicinal resource.  Looking at vegetation patterns within cultural 




Due to the mountainous nature of the Black Hills, surrounded by high plains prairie, a 
wide range of plants are found within its boundary that are not necessarily found so abundantly 
in the surrounding Great Plains.  As mentioned above (Flora) there are four distinct vegetative 
complexes that occur in the Black Hills and the majority of the Dome Analysis Area is located 
within the Rocky Mountain Coniferous Forest Complex. 
Vegetation was analyzed in two different ways, first by taxonomic Group and then by 
Family to see if there would be any remarkable difference within the vegetation present and 
where the cultural sites may be located.  Finding statistically significant associations between 
cultural resources and vegetation types could be used to recognize specific site types and plant 
use patterns with further research.  There are areas within Dome that are considered “barren” or 
void of any dominant vegetation and this is also included within the tables. 
A critical fault with this research is that the vegetation data that are being analyzed comes 
from the Black Hills National Forest spatial data and it only records the vegetation that is 
presently observed.  There are no data, available to me or held by the Forest, that indicates what 
the vegetative landscape may have been like in the past.  Logging and homesteading have 
changed the landscape, potentially in dramatic ways; yet, most cultural resource land managers 
only have access to these modern spatial layers and historic aerial photographs to lend insight to 
how things have changed.  Paleoenvironmental layers for different periods of the past are 
needed. 
Within “Group” there were three attributes (excluding the areas counted as barren): 
Dicot, Gymnosperm, and Monocots.  Within the dicots, there are: Paper birch (Betula papyifera), 




macrocarpa).  It should be noted that on the USDA Plants Database, which can be found at: 
https://plants.sc.egov.usda.gov/java/, the Quaking aspen is noted as a “culturally significant tree” 
in this database.  Within the monocots, there are: Oat grass (danthonia intermedia) and Kentucky 
bluegrass (Poa pratensis).  In short, dicots are the bushes and deciduous trees within Dome and 
monocots are the grasses.  Gymnosperms are flowerless plants that produce cones and seeds and 
in Dome, that means conifers: White spruce (Picea glauca) and Ponderosa pine (Pinus 
ponderosa) are the dominant species (personal knowledge from working with the silviculturists).  
When breaking all of those down into Family, it results in six variables (excluding barren): 
Betulaceae (Paper birch and Beaked hazelnut), Fagaceae (Bur oak), Pinaceae (White spruce and 
Ponderosa pine), Poaceae (Oat grass and Kentucky bluegrass), and Salicaceae (Quaking aspen).  
Slope 
Slope is an important physical attribute for the purpose of this research to aid in the 
determination of land use patterns.  While one would expect settlements on gentle to no-slope 
locations, conversely one would expect mining sites (of which there are many in the Black Hills) 
to be on more steep slopes.  Therefore, there is a potential for more postcontact sites to be on 
steep slopes and more precontact sites to be on gentle slopes. 
The Dome analysis area is the northeastern portion of the Black Hills that dives into the 
vast Great Plains; there are rolling hills, steep canyons, and open mountain meadows.  Slopes 
range from zero to 76 degrees.  In order to pare down the potential number of variables, slope is 
divided into five zones approximately every 13 percent.  A 13% interval was selected because, 




65 and 65 divided by 5 is 13.  The few outliers less than 6 and greater than 71 were not numerous 
enough to affect the greater analysis. 
Elevation 
The Black Hills rise sharply out of the surrounding Great Plains and can be seen for, at 
times, over a hundred miles away.  Dome is along the northern edge of the massive landform and 
has spectacular views to the northwest, north, and northeastern parts of South Dakota; on a clear 
day, one can easily see North Dakota, eastern Wyoming (and maybe even Montana).  As 
mentioned above, in the Geology and Topography section, the Black Hills rise to their highest 
point of approximately 2207 meters above mean sea level (amsl).  The Dome Analysis Area 
meets the Great Plains at around 1100 meters amsl on the eastern edge of the project area and 
rises to 1840 meters at the highest point along the western parts of Dome.  Most of the project 
area lies within the elevations between 1300–1700 meters (Figure 3-4).  
Elevation is an important attribute for this study to determine if certain elevation ranges 
were more favorable than others throughout the project area, and perhaps the greater Black Hills 
region.  To pare down the variables to a number that would be reasonable for a Chi square 
analysis, seven zones were created that included everything within each 100-meter segment, 
except for the lowest zone.  Zone 1 includes: 1169-1199, Zone 2 includes: 1200-1299, Zone 3 
includes: 1300-1399, Zone 4 includes: 1400-1499.  Zone 5 includes: 1500-1599, Zone 6 
includes: 1600-1699, Zone 7 includes 1700-1820.  There is a tiny portion along the western 








Figure 3-4  




Aspect plays an important role as an attribute for this research in order to gather a 
baseline on where people chose to utilize the land which could help highlight further lines of 
research.  It is generally assumed that people would choose southern and western trending 




career, there has not been consistency in recording the main aspect of a site on the site records.  
Sometimes it is noted in degrees and sometimes it is the general cardinal or intercardinal 
direction, if they wrote it down at all.  Sadly, there have been plenty of times where the aspect 
was not documented at all, or the person documenting the aspect did not know how to properly 
use a compass, or they just guessed which way they were facing, so pulling the information from 
GIS is more accurate than reviewing each site record for this information. 
An exercise was performed in ArcMap to generate the aspect of the predominant slopes 
within each sites’ boundary which includes both the four cardinal directions and four 
intercardinal directions (north, northeast, east, southeast, south, southwest, west, northwest) as 
well as anything that was classified as flat (Figure 3-5).  The GIS exercise produced numerical 
outputs in the form of azimuth degrees, so for the sake of this exercise, it was necessary to break 
those down into categories that coincide with the degree ranges of each aspect (Table 3-3).   
Table 3-3 
 
Table of Azimuth Ranges 
 
Aspect Degree Range 
North 337.5 - 22.5 
Northeast 22.5 – 67.5 
East 67.5 – 112.5 
Southeast 112.5 – 157.5 
South 157.5 – 202.5 
Southwest 202.5 – 247.5 
West 247.5 – 292.5 
Northwest 292.5 – 337.5 








Figure 3-5  
 
Aspects within Dome 
 
 
Creation of the Master Dataset for Analysis 
Using a GIS tool called Spatial Join the ELUs were combined to each of the 
environmental variables.  The site boundaries were first joined to the associated ELUs, and many 
times the larger sites had more than one ELU present within the boundary.  The attributes from 
that table were then spatially joined to an environmental variable (e.g., soils) and a new attribute 
table was formed.  That table’s data were then used to run the exercise again, spatially joining 




spatially joined, which created the master dataset found in Appendix B.  ELUs were the 
independent variable while conducting the exercise and analysis and all new information would 
be added to the attributes of the original table.  As more variables were added within each site 
boundary, more columns and rows of variable combinations would ultimately get added to the 
attribute table in GIS.  The various “join and relate” exercises that were conducted in GIS to find 
each of the variables present within the 248 site boundaries resulted in a total of 960 individual 
combinations.  The master dataset was then divided into two samples to create Sample 1 and 
Sample 2 in order to compare the results between the sets of data in a blind-study manner.  By 
conducting the analysis through the comparison of two samples, it allowed for any variability to 
show itself, rather than being masked within a single result from one very large sample.  
Creation of Sample 1 and Sample 2 
The data were equally split in half using the ELUs as the independent variable.  For 
example, if there were 48 combinations within ELU 14, those were divided in equal parts into 
Sample 1 and Sample 2.  Each ELU set was split in half by sorting the master dataset, acquired 
during the GIS exercise that was performed to determine all of the variables present within each 
site boundary (mentioned above).  The data were first sorted by ELU and then within that result, 
the data were again sorted by value, either numerically or alphabetically, depending on the 
variable.  Half of each variable was clipped out, with half considered Sample 1 and half to be 
used as Sample 2, which would later be compared to Sample 1.  
Sample 1 and Sample 2 were then independently analyzed for statistically significant 




were used to develop expectations that were then evaluated against the same statistical 
relationships in Sample 2.   
Observing the statistical results for analysis of Sample 1 and Sample 2 (explained in 
detail below), revealed an unusual lopsided distribution of traits that was unexpected for a 
randomly generated sample.  A GIS exercise was performed to create a map to see a visual 
representation of the Sample 1 and Sample 2 data sets to investigate the possibility of hidden 
structure (instead of true randomness) within the two samples.  Even though the data were 
randomly portioned, there appears to have been an error during the sorting that caused the 
lopsided frequencies reported in the Results below.  The GIS map showed that many of the sites 
were predominantly (or completely) in one sample or another even though an effort was made to 
equally divide the sites into the two samples. The source of the hidden structure is not 
completely understood at this time. 
After careful consideration, the GIS map is not included in this document because even 
significantly zoomed out, it shows site locations for all the sites and the large site locations could 
be plotted on a map by someone with ill intentions with little effort.  According to Section 9 of 
ARPA (Archaeological Resource Protection Act of 1979) site locations are to remain 
confidential.  
Information concerning the nature and location of any archaeological 
resource for which the excavation or removal requires a permit or other 
permission under this Act or under any other provision of Federal law may not be 
made available to the public under subchapter II of chapter 5 of title 5 of the 




Chapter 4: Results and Discussion 
Since starting this project in 2014, I have had the opportunity to learn that site density 
prediction models are in practice on other National Forests and had the opportunity to work with 
the output of one on the Coconino.  I have come to understand their strengths and weaknesses 
and tried to take that into consideration through this research.  The biggest lesson is that they are 
a beneficial tool but will never take the place of the “boots on the ground” surveys.  In addition, 
identifying the right variables with which to build the predictive model is key and since these 
variables may be unique to each National Forest, it is crucial to know that one-size does not fit 
all.  There is no tool that works for every problem, anywhere in life, so the same thought could 
be applied to site density predictability models (or any archaeological model, for that matter).  Is 
one trying to simply determine where there might be a site?  Precontact people may have had 
different needs than people in more modern times; therefore, it is likely that they viewed the land 
differently.  Thus, predictive models should be tailored to precontact and postcontact land use 
patterns.  As we see in the results below, sometimes there is a noticeable deficit in areas where 
one would expect sites to be, and in areas that one would not expect to find sites there may be 
more than random chance would allow.  In short, humans are too complex to simply “predict” 
with the click of a few buttons–or even many! 
As mentioned in previous chapters, GIS was used to identify the presence of each of the 
environmental variables found within the boundaries of each cultural resource site.  Categorical 
variables, such as vegetation or soil, were recorded as a single entry (e.g., monocot, dicot, 
gymnosperm).  For variables with interval options, such as aspect or slope, the appropriate 




the raw data for each variable per cultural resource site were entered into an Excel spreadsheet, 
the numbers were transferred to individual tables that showed frequency counts of each variable 
within each ELU (see Appendix A).  Then, Chi square analyses were run in Past (https://www. 
nhm.uio.no/english/research/infrastructure/past/) for each set of dependent variable data    
(Tables 4-1 through 4-47).  For the Chi square tests, each ELU was treated as an independent 
variable, with each of the environmental attributes treated as dependent variables.  The goal of 
the Chi square tests was to determine if any particular attribute states occurred in a proportion 
greater than what random chance would allow.  In other words, are there any statistically 
meaningful relationships between the independent variables (ELUs) and the dependent variables 
(soil, hydrology, vegetation, elevation, slope, aspect) at locations where cultural resources occur? 
The intention was to see just how useful the ELUs could be to identify environmental attributes 
that could then be used to help narrow down what locational data (see Master Dataset table in 
Appendix B) will be beneficial for eventually building a more complex predictive model. 
Each of the following tables show the actual frequencies and expected value tables from 
the Chi square tests.  After each test was initially run and the expected values table was 
produced, the data almost always required collapsing to meet the rules for Chi square values 
presented by Drennan (2009): no expected value should be less than 1; and no more than 20% of 
the expected values be less than 5. 
The exercise was repeated, carefully collapsing the data, until all conditions were met to 
make the results trustworthy.  Once the expected values met all of Drennan’s rules, a Bonferroni 
correction was performed on the 0.05 alpha, to account for alpha slippage caused by the greater 




residuals (ASR) was performed to identify any statistical significance in the divergence between 
observed and expected values following the procedure described by Sharpe (2015).  Finally, 
Cramer’s V was used to evaluate the strength of the relationship between the independent and 
dependent variables.  All Chi square results, including p values and Cramer’s V, are included in 
Appendix A–Tables for Chi Square Tests.   
As mentioned in Chapter 3 (Methods) the ELUs and the different variables were split into 
two samples, Sample 1 and Sample 2, in order to compare the results between the sets of data in 
a blind-study manner.  By conducting the analysis in this manner, it allowed for any variability to 
show itself, rather than being masked within a single result from a very large sample.  As a 
reminder, Sample 1 and Sample 2 were independently analyzed for statistically significant 
occurrences between cultural resources and environmental attributes.  The results of Sample 1 
were used to develop expectations that were then evaluated against the same statistical 
relationships in Sample 2. 
In the pages that follow, the results for Sample 1 will be presented, followed by the 
results from Sample 2.  The first table presented for each sample will be the actual (observed) 
results (bold print) compared to the expected results (italicized print).  Then the adjusted 
standardized residual (ASR) z-score table will be presented underneath with any significant 
values bold and in red, then the resulting Chi square output.  The full observed datasets, before 
the data were collapsed to meet the requirement for a Chi square analysis, can be found in 





Site types are determined by whoever first documented the cultural resource and, 
therefore, subject to human bias and/or misinterpretation.  The Black Hills National Forest does 
not require subsurface testing to determine site types and while encouraged, it does not take 
place on every site.  For the sake of this analysis, we have assumed that these contexts were 
assigned based on observation of surface manifestations by reasonably experienced 
archaeologists.  Looking at the site types first sets the table for understanding the other analyses 
that follow because it sets the stage for thinking about the major division of sites into Native 
American (precontact; PRE) and Euromerican (postcontact; HIS).  Within the Black Hills, we 
also have an abundance of sites that have been used in both precontact and postcontact time 
periods; these are referred to as multicomponent sites (MUL).  In the future, it is recommended 
that the multicomponent sites be analyzed as both precontact and postcontact.  
For each of the tables below (see Table 4-1 thru Table 4-6) the Bonferroni adjusted 
critical z-score is 2.99.  Any value in the ASR table that is greater than 2.99 (positive or negative 





Observed vs. Expected Values–Site Type–Sample 1 
 
 HIS MUL PRE 
ELU 14   9 5.524     0 4.3257   5 4.1503 
ELU 15 16 14.994     0 11.741 22 11.265 
ELU 24 41 22.885     6 17.921 11 17.194 
ELU 26 99 87.595   38 68.593 85 65.812 
ELU 27 21 14.205     0 11.123 15 10.672 



















Chi Square Results–Site Type–Sample 1     
Rows, columns: 6, 3 Degrees freedom: 10 
Chi2: 295.14 P (no assoc.): 1.66E-57 
Monte Carlo p: 0.0001 
  






Observed vs. Expected Values–Site Type–Sample 2 
 
 HIS MUL PRE 
ELU 14 12 5.4865 0 2.7027 1 4.8108 
ELU 15 28 16.037 10 7.9002 0 14.062 
ELU 24 24 24.9 6 12.266 29 21.834 
ELU 26 116 94.114 0 46.362 107 82.524 
ELU 27 7 15.193 0 7.4844 29 13.322 




HIS MUL PRE 
ELU 14 1.9291 -2.5393  0.50468 
ELU 15 0.34808 -4.2959  3.974 
ELU 24 5.191 -3.6133 -1.8996 
ELU 26 2.1381 -6.0665  3.8497 
ELU 27 2.4095 -4.1719  1.6423 

















Chi Square Results–Site Type–Sample 2     
Rows, columns: 6, 3 Degrees freedom: 10 
Chi2: 331.57 p (no assoc.): 3.23E-65 
Monte Carlo p: 0.0001 
  
Cramer´s V: 0.58708 Contingency C: 0.63879 
 
Analysis of Site Type Results 
 
The data above shows interesting results, because one would expect the counts for each 
type to be fairly similar since the amount of sites within each ELU is almost exact (+/- 1), but 
Sample 1 has 48 more appearances within multicomponent sites than Sample 2, while Sample 2 
shows 14 more postcontact sites and 36 more in precontact sites.  It is important to note that 
these frequencies are not counting sites, but the times that any of the ELUs are present within the 
site boundaries as many of the larger sites have the presence of multiple ELUs.  According to the 
Cramer’s V results for each of the samples (.55 and .58, respectively) the relationship between 
ELU types and site types is redundant which means both datasets are essentially measuring the 
same concept.  One could argue that site types are most certainly chosen based on the 
environmental factors that were chosen when the ELUs were formulated.  ELU 60 shows to be 
 
HIS MUL PRE 
ELU 14  3.7082 -1.8727 -2.2193 
ELU 15  4.0943  0.87466 -4.9232 
ELU 24 -0.25334 -2.1462  2.063 
ELU 26  4.0518 -10.446  4.6352 
ELU 27 -2.8746 -3.1958  5.6265 




the most favorable location for long-term use sites (multicomponent) and there is a significant 
shortage in ELU 26.  Yet, the ASR values indicate that there are more postcontact and precontact 
sites than one would expect, if left to random chance alone, and a significant amount of fewer 
multicomponent sites.  Again, it should be stressed that the site type is assigned by whoever 
recorded and evaluated the cultural resource and neither South Dakota nor the Black Hills 
National Forest require subsurface testing.  If subsurface testing of postcontact sites were to take 
place, could more precontact components be discovered, thereby leading to more 
multicomponent sites? Seeing as this site type would have the most potentially concerned 
stakeholders, it would seem that a closer look into sites that are just recorded as postcontact (or 
precontact) is warranted.  
Soils 
The Dome Analysis Area has an abundance of soil types, and to pare that down to a 
number that is much more workable the data were summarized by the taxonomic Great Group.  
Glossudalf, Hapludalf, and Arguistolls were the most prevalent groups (see Appendix A for a 
table of all soil types); but, ultimately the final comparison between Sample 1 and Sample 2 had 
to use Glossudalf and Hapludalf (see Table 4-7 thru Table 4-12).  Sample 2 is missing 
Arguistolls because it did not meet the rules for Chi square values presented by Drennan (2009).  
In order to meet this requirement, the data were collapsed and Arguistolls were dropped. 
For Sample 1, the Bonferroni adjusted critical z-score is 2.93 and for Sample 2 it is 2.86.  
Any value in the ASR table that is greater than the Bonferroni adjusted critical z-score (positive 









Observed vs. Expected Values–Soil Type–Sample 1 
 
 Arguistoll Glossudalf Hapludalf 
ELU 15 0 3.68.2 24 10.6 14 23.716 
ELU 24 0 4.9433 11 14.227 40 31.83 
ELU 26 16 19.87 5 57.187 184 127.94 
ELU 27 6 3.4897 5 10.043 25 22.468 















Chi Square Results–Soil Type–Sample 1     
Rows, columns: 5, 3 Degrees freedom: 8 
Chi2: 262.41 p (no assoc.): 4.0168E-52 
Monte Carlo p: 0.0001 
  




Arguistoll Glossudalf Hapludalf 
ELU 15 -2.1169 5.0803 -3.4111 
ELU 24 -2.4948 -1.0744 2.5188 
ELU 26 -1.2726 -11.321 11.26 
ELU 27 1.4786 -1.9591 0.91086 








Observed vs. Expected Values–Soil Type–Sample 2 
 
 Glossudalf Hapludalf 
ELU 14 2 4.2424 12 9.7576 
ELU 15 24 11.515 14 26.485 
ELU 24 11 15.455 40 35.545 
ELU 26 5 57.273 184 131.73 
ELU 27 5 9.0909 25 20.909 















Chi Square Results–Soil Type–Sample 2     
Rows, columns: 6, 2 Degrees freedom: 5 
Chi2: 257.72 p (no assoc.): 1.2105E-53 
Monte Carlo p: 0.0001 
  
Cramer´s V: 0.80673 Contingency C: 0.62788 
 
Analysis of Soil Type Results 
 
ELU 14 was not present in collapsed Sample 1, as there were too few occurrences, but 
there were enough in collapsed Sample 2 to make it worth looking at, even if there was nothing 
remarkable to observe.  Arguistolls were so incredibly few in Sample 2 that they were not 
 
Glossudalf Hapludalf 
ELU 14 -1.4901 1.4901 
ELU 15 3.2415 -3.2415 
ELU 24 -0.32227 0.32227 
ELU 26 -10.865 10.865 
ELU 27 1.5321 -1.5321 




considered, but in Sample 1 there were more sites in ELU 60 Arguistolls than random chance 
would expect.  Glossudalf types, in Dome, are found in the soil complexes noted as Grizzly and 
Roubaix, which are typically found on mountain slopes and shoulders.  They are both frigid 
Haplic Glossudalfs, which the USDA National Resources Conservation Service (NRCS) 
classifies as “other Glossudalfs” (United States Department of Agriculture, National Resource 
Conservation Service [NRCS] 1999).  Glossudalfs do not have a fragipan, a kandic horizon, or a 
natric horizon (NRCS 1999).  They generally are not classified as prime farmland as they are 
rather gravelly (USGS 2014).  Hapludalf types, in Dome, are found in the soil complexes of: 
Buska, Citadel, Hickok, McCooley, Pactola, Rockoa, Tollflat, Vanocker, and Virkula.  These 
soils are also defined as the Udalfs that do not have a glossic, kandic, or natric horizon or a 
fragipan within 100 cm of the mineral soil surface (NRCS 1999).  These soils, on the other hand, 
are farmed (NRCS 1999), but not necessarily considered prime farmland (USGS 2014).  
In both samples, not only do the ASR values indicate a strong preference for one soil type 
over another in ELUs 15, 60, and 26, but the observed instances of Glossudalfs in ELU 60 were 
significantly higher than the expected values and significantly lower than the expected values in 
ELU 26.  On the other hand, the observed Hapludalfs in ELU 26 were significantly higher than 
the expected values and significantly lower in ELU 60.  In all cases, the presence and absence 
deviation from expected is nearly the exact opposite range.  These strong divergences in both 
directions are important as they potentially indicate repeated selection for (pull factors), and also 
avoidance of (push factors), these locations.  The similarities throughout the rest of the table are 
significant to take note of and in the future, other factors that are present within the Glossudalf 




not.  ELU 15 also shows both observed and ASR values that exceed the expected values, and 
while the numbers are small, so is the presence of ELU 15 within the Dome project area.  Further 
exploration into the private lands may yield more information.  
The Cramer’s V (Sample 1: .55694 and Sample 2: .80673; Table 4-9 and Table 4-12) 
indicates that this is a redundant relationship and the ELUs are essentially measuring the soils.  
As mentioned in Chapter 3 (Methods) Ecological Land Units (ELUs) are a land classification 
system which is defined by five sub-systems: landform, soil, vegetation, aquatic, and animal life-
form.  What is interesting, though, is that the results for Sample 2 have such a higher level of 
association than those in Sample 1. 
Hydrology 
Water is essential to life and one would anticipate that humans would want to be closer to 
this vital source–but not too close, as to be affected by seasonal flooding events.  Sample 1 and 
Sample 2 had remarkably similar counts, in terms of what was observed with ELU 26 and ELU 
60 presenting the most prevalent number of instances within site boundaries (see Table 4-13 thru 
Table 4-18).  As mentioned in Chapter 3 (Methods), the different distances are as follows: Close 
(0-150 meters; 1), Moderate (151-300 meters; 2), Far (301-500 meters; 3), Very Far (beyond 500 
meters; 4).  In both samples “Very Far” was dropped when the data was collapsed to meet the 
rules for the Chi square test; Sample 1 only had one instance (ELU 26) and Sample 2 had nine 
(two each in ELU 14 and 15, one in ELU 24, and four in ELU 26).  
For Sample 1 and Sample 2 the Bonferroni adjusted critical z-score is 2.93.  Any value in 
the ASR table that is greater than the Bonferroni adjusted critical z-score (positive or negative 








Observed vs. Expected Values–Distance to Water–Sample 1 
 
 1 Close 2 Moderate 3 Far 
ELU 15 37 30.384 1 5.569 0 2.0474 
ELU 24 40 46.375 18 8.5 0 3.125 
ELU 26 149 176.7 47 32.388 25 11.907 
ELU 27 35 28.784 1 5.2759 0 1.9397 













Chi Square Results–Distance to Water–Sample 1     
Rows, columns: 5, 3 Degrees freedom: 8 
Chi2: 79.331 p (no assoc.): 6.6647E-14 
Monte Carlo p: 0.0001 
  




1 Close 2 Moderate 3 Far 
ELU 15 2.7982 -2.1872 -1.5353 
ELU 24 -2.2354 3.7707 -1.9429 
ELU 26 -6.4328 3.8405 5.3902 
ELU 27 2.6943 -2.0981 -1.4908 








Observed vs. Expected Values–Distance to Water–Sample 2 
 
 1 Close 2 Moderate 3 Far 
ELU 15 18 25.614 15 6.3254 2 4.0607 
ELU 24 30 41.267 15 10.191 1 6.5423 
ELU 26 168 155.82 26 38.479 4 24.703 
ELU 27 17 25.614 13 6.3254 0 4.0607 















Chi Square Results–Distance to Water–Sample 2     
Rows, columns: 5, 3 Degrees freedom: 8 
Chi2: 52.577 p (no assoc.): 1.30E-08 
Monte Carlo p: 0.0001 
  
Cramer´s V: 0.2388 Contingency C: 0.31996 
 
Analysis of Distance to Hydrological Feature Results 
 
Water sources that extended beyond the Dome boundary were considered during the GIS 
exercise that determined distance to water, to make sure that sites along the perimeter did not end 
up with skewed data, so the extreme distance is very interesting.  Perhaps man-made water 
diversion was required for the “operation” of these particular areas.  In ELU 60, of Sample 1, 
Sample 2 1 Close 2 Moderate 3 Far 
ELU 15 -2.9171 3.9566 -0.58204 
ELU 24 -3.4924 1.7747 2.8668 
ELU 26 2.5078 -3.0583 0.087615 
ELU 27 -3.3002 3.0444 1.0641 




there are more instances than random chance would expect, that are close to water and less in the 
more moderate distanced areas.    
ELU 26, in Sample 1, is the most curious as they are a significant deviation (-6.43) less 
than one would expect for close to water sources and a standard deviation of 5.4 more than one 
would expect for far (301-500 meters) from water, based on random chance alone.  What is more 
curious is that observed data for ELU 15 and 26 is rather opposite between Sample 1 and Sample 
2; the information was split between ELUs within sites, so it is interesting that there is such a 
marked variation.  One sample shows more than would be expected, while the other shows less.  
What is going on in these locations that make them more or less desirable to humans than 
random chance would predict? Humans do depend on water every day, next to oxygen it is the 
most vital resource to our survival.  Perhaps, as people came to develop more complex means of 
water storage and diversion it allowed us to move further away from the water source that we so 
depend upon or maybe the sites are seasonal–closer to water, when the levels are low, and further 
away during times such as when the spring floods are rushing.  It is recommended that future 
research take this analysis a step further and look at each temporal type (precontact and 
postcontact) and then look deeper into the site descriptions for seasonality indications or conduct 
soil testing and analysis for the presence or absence of seasonal soil deposition.   
Cramer’s V indicates there is a moderately strong to strong relationship (.29 and .24, 
respectively; Table 4-15 and Table 4-18) between the ELUs and the hydrologic locations; one 
would expect a stronger association considering “aquatic systems” are one of the components by 




Vegetation (Group)  
The Black Hills is an island in the western Great Plains and there is more vegetation 
diversity than the surrounding area.  When the ELUs were designed, vegetation was taken into 
consideration as one of the key sub-systems; so, like the soils and hydrological features 
discussed and analyzed above, it seems only natural to explore the relationship between the 
ELUs and which vegetation types are present within cultural site locations.  The reality that 
complicates this analysis is that the data from the Black Hills National Forest is for modern 
vegetation.  Some of this could be considered invasive and has most certainly changed through 
time as humans have utilized these areas and climates have fluctuated.  In order to accurately 
predict precontact cultural use, one would need information on vegetation throughout time and 
that is not something that most land managers have access to.  
Nonetheless, analysis was run with the modern vegetation communities as these are the 
current attributes taken into consideration when the ELUs were created.  Although the samples 
represent equal division of the variables, we end up with two dramatically different sample sets 
and results (Table 4-19 thru Table 4-24).  
For Sample 1 the Bonferroni adjusted critical z-score is 2.93 and for Sample 2 it is 2.88.  
Any value in the ASR table that is greater than the Bonferroni adjusted critical z-score (positive 









Observed vs. Expected Values–Vegetation (Group) –Sample 1 
 
 Barren Dicot Gymnosperm 
ELU 15 2 3.308 1 3.0536 35 31.638 
ELU 24 0 4.5268 1 4.1786 51 43.295 
ELU 26 37 18.717 11 17.277 167 179.01 
ELU 27 0 2.8728 0 2.6518 33 27.475 















Chi Square Results–Vegetation (Group) –Sample 1     
Rows, columns: 5, 3 Degrees freedom: 8 
Chi2: 70.644 p (no assoc.): 3.66E-12 
Monte Carlo p: 0.0001 
  
Cramer´s V: 0.28079 Contingency C: 0.36907 
 
  
Sample 1 Barren Dicot Gymnosperm 
ELU 15 -0.78679 -1.281 1.5268 
ELU 24 -2.3684 -1.7246 3.0442 
ELU 26 6.1332 -2.1835 -3.0413 
ELU 27 -1.8431 -1.7643 2.6764 








Observed vs. Expected Values–Vegetation (Group) –Sample 2 
 
 Dicot Gymnosperm 
ELU 14 12 1.913 0 10.087 
ELU 15 2 4.6232 27 24.377 
ELU 24 51 8.1304 0 42.87 
ELU 26 0 29.812 187 157.19 
ELU 27 1 5.7391 35 30.261 
















Chi Square Results–Vegetation (Group)–Sample 2     
Rows, columns: 6, 2 Degrees freedom: 5 
Chi2: 392.85 P (no assoc.): 1.03E-82 
Monte Carlo p: 0.0001 
  
Cramer´s V: 0.97412 Contingency c: 0.69778 
 
Analysis of Vegetation (Group) Results 
 
In both tests, the monocots (grasses) did not have a high enough frequency throughout 
the sites as a dominant vegetation type to make the tests fit the Chi square rules.  In Sample 1, 
ELU 26 has significantly more sites throughout the barren areas and less in the gymnosperm 
Sample 2 Dicot Gymnosperm 
ELU 14 8.0723 -8.0723 
ELU 15 -1.3799 1.3799 
ELU 24 17.513 -17.513 
ELU 26 -8.0425 8.0425 
ELU 27 -2.2581 2.2581 




locations than what random chance would allow, which is a bit curious.  While barren areas do 
have less groundcover, thereby making it easier to identify cultural resources on the ground, it 
also should be pointed out that there are less sites than expected in the other ELUs, though not as 
remarkably significant.  It raises the question of what was going on in ELU 26 that caused this?  
Was this area historically barren or were there land-management activities that made it so? In 
ELU 60, of both samples, there are interesting results–most specifically how different the results 
are for dicots between the two.  In Sample 1 there are remarkably more sites than random chance 
would allow, while in Sample 2 there are almost as many fewer sites than random chance would 
allow and that same amount more in the gymnosperm category.  In fact, much of Sample 2 is so 
significantly different than Sample 1 that it is almost like they are looking at different locations, 
although many of the sites actually have variables in each sample set.  The information in 
Sample 2 is so significantly associated that it is essentially redundant, according to the Cramer’s 
V (.9741).  However, the results for Sample 1 are considered merely a very strong association 
with a Cramer’s V of .28, which is still a good correlation, but not nearly as strong as showing 
that the two variables are measuring the same concept (i.e., redundant). 
 Something to consider are historical changes in vegetation overstories.  For example, in 
the Black Hills extensive logging and timber management in the 1900s (stand regeneration and 
suppression of wildfire, especially) has allowed for the Ponderosa to encroach on aspen stands 
(personal knowledge from working there).  Perhaps these areas where Ponderosa has been 
allowed to encroach were historically aspen stands as I have seen on many aerial photographs 
when I worked for the Forest.  Investigations like these could potentially be explored further by 




vegetation changes throughout time would make this a more reliable test; as it stands, modern 
vegetation is not a reliable dataset to analyze when attempting to predict ancient times.   
Vegetation (Family) 
There appears to be a stronger association of site location with the modern location of 
gymnosperm over dicots, so vegetation family was analyzed to narrow down types, and to see if 
the cultural locations would be more significantly associated with the taxonomic family.  Of 
course, as mentioned above, a deeper look into the historic landscapes is necessary to truly 
determine the answers to these questions.  The analysis above was looking at the taxonomic 
group for vegetation within the Dome Analysis Area, and the Cramer’s V results indicate that 
when the ELUs were originally defined it was the group layer that was heavily used in their 
creation (see Table 4-27 and Table 4-30).  
There are seven variables that occur under Vegetation Family and only four when sorted 
by Vegetation Group.  Betulaceae is a dicot and includes the Paper birch and Beaked hazelnut, 
Fagaceae is a dicot and includes Bur oak, Pinaceae is a gymnosperm and includes Ponderosa 
and White spruce, Poaceae is a monocot and includes Kentucky bluegrass, Oat grass, and 
anything classified as “miscellaneous grasses” in the GIS vegetation layers, and Salicaceae is a 
dicot that includes Quaking aspens–which the USDA NRCS has classified as a culturally 
significant tree (NRCS 2021).  Once the data were reviewed for the Chi square test, they were 
collapsed significantly to meet the rules set forth in Drennan (2009); see Tables 4-25 thru 4-30. 
For Sample 1 the Bonferroni adjusted critical z-score is 2.93 and for Sample 2 it is 2.81.  
Any value in the ASR table that is greater than the Bonferroni adjusted critical z-score (positive 









Observed vs. Expected Values–Vegetation (Family)–Sample 1 
 
 Barren Pinaceae (gymnosperm) Salicaceae (dicot) 
ELU 15 2 3.2795 35 31.366 0 2.3543 
ELU 24 0 4.5205 51 42.234 0 3.2455 
ELU 26 37 18.525 167 177.18 5 13.3 
ELU 27 0 2.925 33 27.975 0 2.1 















Chi Square Results–Vegetation (Family)–Sample 1     
Rows, columns: 5, 3 Degrees freedom: 8 
Chi2: 89.293 p (no assoc.): 6.4717E-16 
Monte Carlo p: 0.0001 
  




Barren Pinaceae (gymnosperm) Salicaceae (dicot) 
ELU 15 -0.77335 1.7375 -1.6569 
ELU 24 -2.3686 3.219 -1.98 
ELU 26 6.2055 -2.7036 -3.246 
ELU 27 -1.8627 2.5314 -1.5571 








Observed vs. Expected Values–Vegetation (Family)–Sample 2 
 
 Pinaceae (gymnosperm) Poaceae (monocot) 
ELU 15 27 24.429 0 2.5714 
ELU 24 51 46.143 0 4.8571 
ELU 26 187 201.76 36 21.238 
ELU 27 35 31.667 0 3.3333 















Chi Square Results–Vegetation (Family) –Sample 2     
Rows, columns: 5, 2 Degrees freedom: 4 
Chi2: 25.004 P (no assoc.): 5.02E-05 
Monte Carlo p: .00002 
  
Cramer´s V: 0.23811 Contingency c: 0.23164 
 
Analysis of Vegetation (Family) Results 
 
Here we see that the Cramer’s V is more consistent between the two datasets, but with a 
much lower level of association with the ELUs; Sample 1 has a Cramer’s V of .32–which is 
considered strong–and Sample 2 has a Cramer’s V of .24, which is moderate or acceptable level 
of association.  These values do not indicate a relationship with the ELUs, like the Vegetation 
Sample 2 Pinaceae (gymnosperm) Poaceae (monocot) 
ELU 15 1.74 -1.74 
ELU 24 2.4638 -2.4638 
ELU 26 -4.7897 4.7897 
ELU 27 2.0005 -2.0005 




Group did in the previous analysis (Tables 4-21 and 4-24).  What is interesting is that the 
monocots have a strong presence in Sample 2 and the Dicots were dropped when the data were 
collapsed because the counts were far too few.  In Sample 1, we see similar results to Sample 1 
of the Vegetation Group data, but Sample 2 is like an entirely different study.  The only 
consistency is the gymnosperm Pinaceae which has the majority of observed (and expected) 
values–of course, the Black Hills is a heavily forested place that has been managed to favor 
Ponderosa pine, so these results are not surprising.  As suggested in the Vegetation Group 
analysis, future research could focus on looking at historic photos of these locations and 
conducting soil studies to determine if historic era pine encroachment is a factor or not and how 
much the landscape has changed over the thousands of years of use.  
Slope 
When the slopes in Dome were split to make the different zones for this analysis, the 
numbers were chosen rather instinctively and to evenly split the difference between the highest 
and lowest documented slopes in the project area.  The range of slope, in degrees, is distributed 
across the zones as follows: Zone 1: 3-19 percent; Zone 2: 20-32 percent; Zone 3: 33-45 percent; 
Zone 4: 46-57 percent; and Zone 5: 60-71% slope. 
Humans generally do not prefer steep slopes, unless it is for a temporary rockshelter or a 
mining adit/shaft, so one would expect to see more cultural resources on the gentler slopes and, if 
sites are indicated on the steeper slopes, one could focus attention there to see why (i.e., is this a 
good area for rockshelters or mining?).  There is no known rock art documented in the Dome 




For Sample 1 the Bonferroni adjusted critical z-score is 3.02 and for Sample 2 it is 2.93.  
Any value in the ASR table that is greater than the Bonferroni adjusted critical z-score (positive 
or negative values considered) has been highlighted with red text, as well as bolded.  See Tables 
4-31 thru 4-36 for the results. 
Sample 1 
 
Table 4-31   
 
Observed vs. Expected Values–Slope–Sample 1 
 
 Zone 1 Zone 2 Zone 3 Zone 4 
ELU 15 2 19.772 5 9.453 21 5.3567 8 1.4179 
ELU 24 12 28.56 17 13.654 20 7.7374 3 2.0481 
ELU 26 130 121.93 67 58.293 19 33.033 6 8.744 
ELU 27 13 19.772 14 9.453 8 5.3567 1 1.4179 
ELU 60 94 60.965 17 29.147 0 16.516 0 4.372 
 
Table 4-32   
 









Table 4-33   
 
Chi Square Results–Slope–Sample 1     
Rows, columns: 5, 4 Degrees freedom: 12 
Chi2: 183.05 p (no assoc.): 1.0083E-32 
Monte Carlo p: 0.0001 
  




Zone 1 Zone 2 Zone 3 Zone 4 
ELU 15 -6.2024 -1.7572 7.6328 5.8759 
ELU 24 -4.9027 1.12 5.0757 0.72086 
ELU 26 1.518 1.8519 -3.6905 -1.3203 
ELU 27 -2.3635 1.7943 1.2897 -0.3731 






Table 4-34   
 
Observed vs. Expected Values–Slope–Sample 2 
 
 Zone 1 Zone 2 Zone 3 
ELU 15 11 25.689 25 8.6998 2 3.6112 
ELU 24 30 37.857 17 12.821 9 5.3218 
ELU 26 204 150.75 19 51.054 0 21.192 
ELU 27 25 24.337 7 8.2419 4 3.4212 
ELU 60 43 74.363 38 25.184 29 10.454 
 
Table 4-35   
 









Table 4-36   
 
Chi Square Results–Distance to Hydrologic Features–Sample 2     
Rows, columns: 5, 3 Degrees freedom: 8 
Chi2: 158.3 p (no assoc.): 3.67E-30 
Monte Carlo p: 0.0001 
  
Cramer´s V: 0.41343 Contingency C: 0.50474 
 
Analysis of Slope Results 
 
According to the Cramer’s V, Sample 1 (.37) and Sample 2 (.41) have very strong to 
extremely strong relationships present, indicating that ELUs rely strongly on slope in their 
makeup.  What is interesting is how many instances of the moderately-steep slopes are present 
within some of the sites.  This could just include a steep slope within the site boundary or, 
Sample 2 Zone 1 Zone 2 Zone 3 
ELU 15 -5.3145 6.5689 -0.93027 
ELU 24 -2.393 1.4177 1.7876 
ELU 26 10.582 -7.0959 -6.7214 
ELU 27 0.24589 -0.51299 0.34255 




perhaps, it could indicate rockshelters or mining features.  In Sample 2, ELU 26 has a 
significantly high number of instances in Zone 1 that are more than random chance would 
expect, while having remarkably fewer than expected in Zones 2 and 3.  However, in Sample 1 
the only significance is a slightly less than expected number of sites in Zone 3.  In both Sample 1 
and 2, ELU 15 has significantly fewer instances on the gentle slopes, yet more than expected in 
the higher percent slopes (as mentioned above).  
Attention needs to be brought to the fact that in Sample 1, Zone 5 was not included in the 
analysis in order to meet the Drennan rules for Chi square, but there were eight instances 
between ELU 15 (two) and ELU 24 (six).  In Sample 2, Zone 4 and Zone 5 were removed when 
the data were collapsed.  Zone 4 had two instances in ELU 24 and two in ELU 60 and Zone 5 
had one instance in ELU 24.  It is acknowledged that removing those few instances, especially 
those nine in ELU 24, could have affected the ability of the chi square to identify a significant 
presence of rockshelters or mining features.  Alternatively, the low count of steeply sloped sites 
that required the removal for the chi square test could indicate that Dome may not be a likely 
location in which to find rockshelters or mining features along steep slopes.  
Elevation 
As mentioned in Chapter 3 the Dome Analysis Area meets the Great Plains at around 
1100 meters amsl on the eastern edge of the project area and rises to 1840 meters at the highest 
point along the western parts of Dome.  The project area lies within the elevations between 
1300–1700 meters.  The project area elevations were separated approximately every 100 meters, 
with a few outliers on either end, to create the zones that have been analyzed, which are 




1300-1399, Zone 4 includes: 1400-1499.  Zone 5 includes: 1500-1599, Zone 6 includes: 1600-
1699, and Zone 7 includes 1700-1820.   
Sample 1 and Sample 2, while equally divided, end up presenting rather different 
observed results (Table 4-37 and Table 4-40), which created different variables being tested 
when the data was collapsed to meet the rules for a Chi square test (Table 4-39 and Table 4-42), 
as set forth by Drennan (2009).  For Sample 1 the Bonferroni adjusted critical z-score is 3.02 and 
for Sample 2 it is 3.08.  Any value in the ASR table (Table 4-38 and Table 4-41) that is greater 
than the Bonferroni adjusted critical z-score (positive or negative values considered) has been 
highlighted with red text, as well as bolded. 
Sample 1 
 
Table 4-37  
 
Observed vs. Expected Values–Elevation–Sample 1 
 
 Zone 2 Zone 3 Zone 4 Zone 5 
ELU 15 0 3.7611 1 4.8142 12 12.712 21 12.712 
ELU 24 49 5.4204 0 6.9381 0 18.321 0 18.321 
ELU 26 1 24.558 15 31.434 58 83.004 148 83.004 
ELU 27 0 3.9823 36 5.0973 0 13.46 0 13.46 
ELU 60 0 12.279 12 15.717 99 41.502 0 41.502 
 
Table 4-38   
 
Adjust Standardized Residuals (ASR)–z-scores–Elevation–Sample 1 
 
 Sample 1 Zone 2 Zone 3 Zone 4 Zone 5 
ELU 15 -2.1384 -1.9511 -0.26258 3.0547 
ELU 24 21.02 -3.0108 -5.7288 -5.7288 
ELU 26 -7.0664 -4.435 -4.8624 12.639 
ELU 27 -2.2057 15.399 -4.8331 -4.8331 







Table 4-39   
 
Chi Square Results–Elevation–Sample 1     
Rows, columns: 5, 4 Degrees freedom: 12 
Chi2: 848.4 p (no assoc.): 6.96E-174 
Monte Carlo p: 0.0001 
  




Table 4-40   
 
Observed vs. Expected Values–Elevation–Sample 2 
 
 Zone 3 Zone 4 Zone 5 Zone 6 Zone 7 
ELU 15 0 5.117 0 7.298 0 4.5298 16 19.21 22 1.8455 
ELU 24 38 5.9249 6 8.4503 0 5.245 0 22.243 0 2.1369 
ELU 26 0 30.029 0 42.828 13 26.583 210 112.73 0 10.83 
ELU 27 23 4.8477 8 6.9139 2 4.2914 3 18.199 0 1.7483 
ELU 60 0 15.082 73 21.51 39 13.351 0 56.618 0 5.4393 
 
Table 4-41   
 









Table 4-42   
 
Chi Square Results–Distance to Hydrologic Features–Sample 2     
Rows, columns: 5, 5 Degrees freedom: 16 
Chi2: 949.6 p (no assoc.): 6.87E-192 
Sample 2 Zone 3 Zone 4 Zone 5 Zone 6 Zone 7 
ELU 15 -2.5406 -3.14 -2.3693 -1.0881 15.891 
ELU 24 14.908 -0.98692 -2.5682 -7.0584 -1.5772 
ELU 26 -8.2672 -10.218 -3.9395 18.284 -4.7349 
ELU 27 9.2375 0.47896 -1.2284 -5.2807 -1.4129 




Monte Carlo p: 0.0001 
  
Cramer´s V: 0.724 Contingency C: 0.82282 
 
Analysis of Elevation Results 
 
Here we see two “redundant” Cramer’s V values (.79 and .72, respectively) which 
confirms that elevation plays a prominent role when formulating the ELUs.  There are almost 
more significant results in this table than there are not; although, the tables between the two 
samples, interestingly enough, are quite different and show quite different results.  Sample 1 and 
Sample 2 have surprisingly different observed values.  Elevation Zone 2, for instance, has 50 
instances in Sample 1, while Sample 2 only has 15; if you look at Zone 6 there are only 12 
instances in Sample 1, yet 242 in Sample 2! Zone 4 has 169 instances in Sample 1, yet just over 
half of that (87) in Sample 2.  When comparing the ASR tables, they look quite different, as well.  
Zone 3, in Sample 2, has significant results in all ELUs except ELU 15, yet in Sample 1 we only 
see significant values in ELU 26 and 27.  In Sample 1, Zone 4 and 5 are almost entirely 
significant values (save ELU 15, Zone 4), and in Sample 2 Zone 4 has a significant value in ELU 
15, but not in ELU 24 or ELU 27.  In both samples, when there are more instances than 
expected, the ASR value indicates a very strong deviation and for the instances with a negative 
deviation the numbers are still significant, but usually not as divergent as the positive cases.   
Seeing so many instances of cultural resources at the higher elevations, at first, was a bit 
surprising but if the elevation layer were to be compared to the hydrology layers, I would suspect 
there to be some correlations for water sources at these elevation zones that are located more 
inland from the Plains.  Besides water, there would be more protection from outsiders traveling 




distances, which makes for safer settlement or even hunting activities.  The inner Hills have 
valleys and meadows, favorable to hunting, homesteading, and travel; you are protected from the 
winds that never stop blowing across the Plains and the resources increase as you move inward.   
It would be interesting for future research to expand the boundaries of the analysis and 
look at cultural resources across the Hills to see which elevations are the most favorable for 
various types of activities and if those patterns were consistent through time or changed with the 
Euro-American settlement of the area. 
Aspect 
Aspects were derived from the vegetation spatial data table that records the aspect of the 
corresponding documented vegetation, which would give the aspect of that particular location 
within a site boundary.  Therefore, the analysis was not run like the other Chi square tests, as 
there is only one set of observed data consisting of 960 results from the GIS exercise.   
For each sample, a “single sample” Chi square test was calculated (Table 4-46 and    
Table 4-47) against the theoretical expected frequencies determined by dividing the total count 
by the number of variables that allowed for a completely random distribution (Table 4-43 and 
Table 4-44).  When using this kind of Chi square test, PAST populates the ASR values under the 
expected frequencies with 0.  The two adjusted standardized residual tables were combined into 
one for the sake of easy comparison (Table 4-45).   
For Sample 1 and Sample 2 the Bonferroni adjusted critical z-score is 2.99.  Any value in 
the ASR table that is greater than the Bonferroni adjusted critical z-score (positive or negative 






Sample 1 versus Sample 2 
 
Table 4-43  
 














Table 4-44   
 















Sample 1 Observed Expected (479 divided by 9) 
East 60 53.22222222 
Northeast 83 53.22222222 
North 39 53.22222222 
Northwest 66 53.22222222 
Southeast 74 53.22222222 
South 55 53.22222222 
Southwest 66 53.22222222 
West 36 53.22222222 
Flat 0 53.22222222 
Sample 2 Observed Expected (481 divided by 9) 
East 42 53.44444444 
Northeast 112 53.44444444 
North 62 53.44444444 
Northwest 30 53.44444444 
Southeast 60 53.44444444 
South 49 53.44444444 
Southwest 69 53.44444444 
West 56 53.44444444 




Table 4-45   
 













Table 4-46   
 
Chi Square Results–Aspect–Sample 1 
    
Rows, columns: 9, 2 Degrees freedom: 8 
Chi2: 94.426 p (no assoc.): 5.86E-17 




Table 4-47   
 
Chi Square Results–Aspect–Sample 2 
    
Rows, columns: 9, 2 Degrees freedom: 8 
Chi2: 135.55 p (no assoc.): 2.00E-25 
Monte Carlo p: 0.0001 
  
 
Analysis of Aspect Results 
  
In the observed values, there is generally a fairly equal distribution throughout the 
variables.  As mentioned in Chapter 3 (Methods), it is generally assumed that people would 
choose southern and western trending slopes, as those tend to be warmer due to more sun 
exposure; but in Dome we see a high prevalence of northeastern aspects within site boundaries.  
There may be several overlapping reasons for this.  Typically, northerly slopes are cooler as the 
 
Sample 1 Expected Sample 2 
East 0.92905 0 -1.566 
Northeast 4.0817 0 8.01 
North -1.9495 0 1.1703 
Northwest 1.7515 0 -3.2069 
Southeast 2.8481 0 0.89672 
South 0.24369 0 -0.60795 
Southwest 1.7515 0 2.1278 
West -2.3607 0 0.34957 




sun does not reach there as much; but in Dome, facing the northerly directions grants one a view 
of the Great Plains.  Besides being able to see potential danger or potential game coming, 
looking to the north, and especially the northeast grants one an unobstructed view of a sacred 
place on the horizon known as Bear Butte.  Bear Butte is located, generally, within the 
north/northeastern viewshed of Dome.  On clear days, as I noted above, one can see for miles 
and the view is breathtaking.  Or, perhaps due to the fact Dome and the greater Black Hills are a 
vast and rolling landform, aspect really is not a big factor in selection of most cultural resource 
locations and the other variables analyzed above are the key players in selection.  Finally, the 
trend for northeastern aspects may have resulted because Dome is located on the northeastern 
edge of an uplifted landform that rises sharply out of the Plains and the basement rock of the 




Chapter 5: Interpretation 
Within the greater Dome Analysis Area (which includes everything within the boundary–
Forest and non-Forest lands), there are eight ELUs (12, 14, 15, 24, 26, 27, 43, and 60) (Table 5-
1), but for this research two of those were dropped; ELU 12 was just a tiny sliver of the 
Crystalline Basin in the very southern region and ELU 43 was located entirely on non-Forest 
Service lands so, like sites within these other jurisdictions, ELU 43 was not analyzed because the 
Black Hills National Forest has no jurisdiction there.   
The following includes a tally of significant results in each ELU (Table 5-2) followed by 
a table of general intersections between ELUs and cultural resources (Table 5-3).  The purpose is 
to determine if quickly scanning the ELUs within a project area could be beneficial for planning 
cultural resource management activities for a project.  Following this will be a discussion of the 
most significant environmental factors to consider.    
Table 5-1   
 
ELU Total Acreage and Percentage within Dome Analysis Area 
 
 Hectares Percent 
ELU 12 7.72 0.04% 
ELU 14 1,704.3 8.24% 
ELU 15 2,540.2 12.29% 
ELU 24 5,175.06 25.03% 
ELU 26 5,963.24 28.84% 
ELU 27 2,892.18 13.99% 
ELU 43 329.12 1.59% 






Table 5-2   
 












Table 5-3   
 
Total Sites per ELU and Variables within Those Sites 
 
 
The size of ELUs present within Dome and the amount of site instances is noteworthy.  If 
only observing the numbers in Table 5-3, it looks like ELU 26 has the favored locations, 
followed closely by ELU 24; but, ELU 60 which is just under 10% of the land in Dome (less 
than half the size of ELU 26 or ELU 24), yet it has a relationally similar distribution.  Dividing 
the total acreage for each ELU by the number of sites that are intersected reveals that ELU 26 
intersects one site per (approximately) 85 hectares (210 acres), ELU 60 intersects one site per 




Significant “Negative” Results 
ELU 14 2 1 
ELU 15 11 7 
ELU 24 8 7 
ELU 26 14 20 
ELU 27 4 6 














ELU 14 15 6.91% 14 13 27 
ELU 15 28 12.90% 38 38 76 
ELU 24 59 27.19% 58 59 117 
ELU 26 70 32.26% 222 223 445 
ELU 27 21 9.68% 36 36 72 




86.6 hectares (214 acres).  ELU 15 intersects approximately one site per 90.65 hectares (224 
acres) and ELU 14 intersecting one site per (approximately) 113 hectares (280 acres). 
A regression analysis was run to determine the correlation between the size of each ELU 
(Table 5-1) and the frequency of total sites intersected, instances within Sample 1 and 2 (Table 
5-3), and the number of significant positive and negative results (Table 5-2).  This was done to 
determine if the size of the ELU was influencing how many sites occurred within it and the 
number of significant outcomes identified through the ASR.  As expected, there is a very strong 
positive correlation between site area (hectares) and the number of total sites intersected (r = 
0.979, p = 0.0007), but the correlation is not significant nor quite as strong when looking at 
Sample 1 (r = 0.672, p = 0.14) and Sample 2 (r = 0.674, p = 0.14) separately.  Analyzing the size 
of ELUs and the frequency of positive ASR outcomes (r = 0.297, p = 0.57) as well as negative 
ASR outcomes (r = 0.519, p = 0.29) both resulted in non-significant relationships.  What all of 
this means is that when the ELUs get bigger, it is very likely they will contain more sites, 
however, we cannot accurately predict if the attributes (e.g., site type, soil, hydrology, 
vegetation, slope, elevation, aspect) of those sites will be more frequent or less frequent per ELU 
than what random chance would allow.  This supports the interpretation that the number of 
positive and negative ASR results is reflecting something real about human use of the Dome 
area, and not just a result of the size of the ELUs. 
Breaking this down further, to give land managers more specific variables to focus on, 
the results are as follows.  It needs to be noted that this research did not go into what site type is 
present in any of the variables, it merely was run for the presence or absence of recorded cultural 




ELU 14 was only present 4 times throughout the 14 Chi square tests that focused on the 
ELUs tested with the different environmental variables (the other two tests for Sample 1 and 
Sample 2 in Aspect were just a general count throughout the sites in Dome).  The rest of the time 
the data were so minimal that ELU 14 was the first to go when the data were collapsed in order 
to meet the requirements for a valid Chi square test (per Drennan 2009).  Of the four times that it 
did “make the cut,” three of those instances presented significant results.  In the Vegetation 
Group attribute for Sample 2 the anticipated z score values were 8.07 more in dicots and 8.07 
less in gymnosperms.  In evaluating the Site Type attribute for Sample 2, ELU 14 again 
presented significant results with slightly more postcontact sites than anticipated.   
In terms of soils, areas with Glossudalf and Hapludalfs are the most prevalent.  Of the 
soil types in Dome Grizzly and Roubaix are considered Glossudalfs.  Grizzly accounts for 
4,525.6 hectares or 22% of the soil types in Dome and Roubaix accounts for 908 hectares, or 
merely 4.5% of the soil types in Dome (26.5% of the land in Dome).  The Hapludalfs are: Buska, 
Citadel, Hickok, McCooley, Pactola, Rockoa, Tollflat, Vanocker, and Virkula which account for 
14,831.85 hectares or 63.9% of Dome.  Table 6 in Appendix B shows the breakdown of all of the 
soils, their acreages, and percentages within the Dome Analysis Area.  Approximately 90% of 
the soil in Dome is from one of the two Great Groups–this truly is not something that could be 
helpful for future land managers, if trying to narrow down variables for a model.  In order to 
utilize soils, the taxonomy needs to be broken down further, perhaps by series.  It is apparent that 
ELUs are measuring soils (the very definition of ELU states this variable), but just scanning 





Next, the distance to water in relation to sites was analyzed.  ELUs take aquatic factors 
into their design, and the analysis did show a strong relationship; but it was not a redundant 
relationship.  Approximately 125 of the sites are located within 50 meters of a water source (see 
Master Dataset) and of the instances throughout the 960 different combinations of the variables, 
702 of them are in that “close” range.  This indicates that distance to water does play a 
significant role when choosing site locations.   
Vegetation Group and Family results are not useful, especially since the Black Hills are 
so heavily forested; of course, there are going to be sites where there are trees.  More 
importantly, the land has been heavily worked throughout the years, especially in the last 100 or 
so years with mining, logging, homesteading, and ranching.  There have been numerous 
catastrophic fires, the forest has been managed for timber which has caused it to unnaturally 
flourish while also inviting large-scale fires.  There is no doubt that the Black Hills that we see 
today is different than it was 150 or more years ago and, therefore, this variable is only useful for 
the vegetation that we see today.  There needs to be in depth investigation into the historic 
vegetation changes through the period of human occupation in the Black Hills to really give any 
valuable insights.  The Black Hills National Forest database does not have this type of 
information, beyond aerial photographs from the 1930s, so extensive research into environmental 
changes through time will be the only way to accurately use vegetation to aid in the prediction of 
cultural resource locations.   
The results for slope showed that ELUs are most certainly measuring slopes; but the 
cultural resources in relation to slopes had some interesting results.  One would expect that most 




to raise questions.  As mentioned above, in Chapter 4, some site data may have included a steep 
slope within the site boundary or it could indicate rockshelters or mining features.  This research 
did not go into what site type is present for any of the variables, it merely was run for the 
presence or absence of recorded cultural resources.  As mentioned above, attention needs to be 
brought to the fact that in Sample 1, Zone 5 was not included in the analysis due to data 
collapsing, and in Sample 2, Zone 4 and Zone 5 were removed when the data were collapsed.  It 
is acknowledged that the removal of the observed instances could affect the ability to predict 
rockshelters or mining features.  This could indicate that Dome may not be a likely location in 
which to find rockshelters or mining features or, perhaps, instead steep slopes need to be 
included in surveys (if they are not already) to truly have 100% survey coverage so that these 
“missing” resources are recorded. 
The results of the analysis on elevation confirmed a “redundant” association with the 
ELUs and the concentration of sites within the interior, higher elevations was telling.  I think that 
a further analysis of elevation and cultural site locations needs to be done on the greater Black 
Hills to really determine the applicability of it for creating a model.  There is enough evidence to 
build a strong case for elevation as one of the top variables to take into account when planning 
for site probability and, as mentioned in Chapter 4 (Elevation Analysis), to combine it with 
distance to water may be even more important.   
The results for aspect indicated that it is possible that viewshed could play a role in 
cultural site location selection.  Viewshed analysis was not conducted for this research, but it 
could lend more insight to these results.  Dome, and the greater Black Hills, is a very heavily 




because of the northeastern dip of the basement rock.  Without a deeper look into the 
predominant variables and whether or not Dome trends geologically to the northeast, the role of 
aspect in relation to site location cannot be definitively determined at this time. 
From the information provided above, it has been determined that elevation and distance 
to water play the greatest roles in site location selection, with soil types possibly playing a close 
third, as long as the soils are broken down into their series types rather than more generalized 
Great Groups.   
Recommendations for Next Steps 
Again, it needs to be stressed that this research did not address site function, it merely 
was run for the presence (or absence) of recorded cultural resources in order define which 
variables should be considered when creating a template for a predictability model.   
In the future, to make a predictive model for the Black Hills, it is highly recommended 
that a separate one is made for postcontact and for precontact sites; multicomponent sites should 
be looked at and included with each as they include components from each rather than treated as 
their own type.  Each model should also be sensitive to site function, rather than just predicting 
the presence or absence of sites.  For example, logging and mining have very different purposes 
than precontact use locations and they also have significant impacts on the landscape that could 
affect site identification.   
ELUs could be an initial reference, if someone is trying to get an easy estimate of 
whether or not there will be sites within their project area, but they should not be used as more 
than a guide for building a more complex model or for exactly where to begin focusing 




of the Chi square tests show that ELU 60 has a significantly higher number of expected sites–
over four times what is actually recorded there, ELU 26 has about three times.  I recommend a 
second look at those regions, starting with previous survey methods and reliability.  From past 
experience with working there, these areas may be considered to have 100% survey coverage but 
that does not actually mean that survey touched every square inch of Dome or that it was up to 
current standards.  Perhaps subsurface testing in heavily vegetated areas that have no current 
surficial resources recorded is warranted along with spot checking the steep slopes.   
Also realize that sites that have been recorded have not been recorded consistently.  Yes, 
there are standards for what is considered a site, but humans do the recording, and we all look at 
things a little differently.  If you had an inexperienced person on the survey crew, they may have 
walked right over something that a more experienced archaeologist would have noticed which 
could lead to some ELUs with fewer than predicted sites.  Then there are those archaeologists 
who actually ignore certain types of resources because they do not see the value.  I know for a 
fact that there have been archaeologists who refused to record postcontact artifact scatters, 
because they were not considered to be “old enough”.  In fact, recently I have heard the new 
generation of archaeologists arguing that we have enough information already documented about 
material culture from the 1960s to modern times, so we should not waste valuable time recording 
them! 
Select your variables carefully and remember, more data does not always mean better 
results! When you are analyzing a large set of data, significant results in the smaller details could 




Constantly update your model–as you complete work in an area, bring that data back and 
incorporate it into you model so that it continues to develop and improve in accuracy.  If you 
want it to work for you, you have to give it a steady supply of updated information from which to 
build.  Quick and cheap is not a good approach. 
In the end, nothing will replace the work of experienced boots on the ground, but if you 
need to know where to point those boots, you could start by analyzing the ELUs for your 
location to give you some highlighted areas to spend a little more time and money.  Remember, 
ELUs are very broad and should not be depended upon for modeling, but they can give you an 





Chapter 6: Conclusion 
This thesis focused on two primary research questions:  1) Do precontact, postcontact, or 
multicomponent cultural resources occur in frequencies within specific ecological land units 
(ELU) that differ significantly from what random chance predicts?  and 2) Does the frequency of 
cultural resource occurrence within any specific sub-category of the ELU attributes (e.g., soil, 
hydrology, vegetation, slope, elevation, aspect) significantly differ from what random chance 
predicts?   
The original approach proposed for this research intended to build a model for predicting 
cultural site locations to facilitate land management planning activities more efficiently.  The 
intention was to attempt to create a simplified template that any land manager could utilize to 
replicate their own model for their own jurisdictional focus.  In the process of attempting this, 
many challenges were encountered that required a shift in focus to instead test for the statistically 
significant associations between the presence or absence of cultural resources and specific 
environmental variables.   
Managing cultural resources on public lands is challenging, especially when funding is 
project based and not preservation focused.  Having the tools to better predict where cultural 
resource might be could save thousands of dollars per project in planning hours alone.  Land 
managers are typically overworked and understaffed, so anything that could make their jobs even 
a little simpler would benefit all departments of their respective jurisdiction that are part of the 
greater proposed undertaking.  
With this in mind, the investigation into which environmental factors could be the most 




mentioned, the original intent was to create a predictability model for the location of cultural 
resource sites but as one challenge after another were encountered the focus shifted to finding 
statistically significant associations between the presence or absence of cultural resources and 
specific environmental variables.  ArcGIS software was used to gather the environmental data of 
every site that was on Forest Service lands within the Dome Analysis Area, that information was 
entered into an Excel spreadsheet so that information could be easily reviewed and sorted (see 
the Master dataset in Appendix B).  Next, that data was sorted by ELUs and split into two 
samples (Sample 1 and Sample 2, as described in Chapter 3), dividing each ELU equally.  
Sample 1 and Sample 2 were then independently analyzed for statistically significant 
occurrences between cultural resources and environmental attributes using Chi square analysis.  
The results of Sample 1 were used to develop expectations that were then evaluated against the 
same statistical relationships in Sample 2.   
From those results, it was determined that elevation and distance to water play the 
greatest roles in site location selection, with soil types possibly playing a close third, as long as 
the soils are broken down into their series types rather than more generalized Great Groups.  In 
regard to the specific ELUs within Dome, the size of ELUs present within Dome and the amount 
of site instances is noteworthy.  Dividing the total acreage for each ELU by the number of sites 
that are intersected reveals that ELU 26 intersects one site per (approximately) 85 hectares (210 
acres), ELU 60 intersects one site per (approximately) 85.8 hectares (212 acres), and ELU 24 
intersects one site per, approximately, 86.6 hectares (214 acres).  ELU 15 intersects 
approximately one site per 90.65 hectares (224 acres) and ELU 14 intersecting one site per 




What all of this means is that when the ELUs get bigger, it is very likely they will contain 
more sites, however, we cannot accurately predict if the attributes (e.g., site type, soil, hydrology, 
vegetation, slope, elevation, aspect) of those sites will be more frequent or less frequent per ELU 
than what random chance would allow.  This supports the interpretation that the number of 
positive and negative ASR results is reflecting something real about human use of the Dome 
area, and not just a result of the size of the ELUs. 
The thesis closes with many lessons learned since beginning this research and a greater 
respect for what it requires to create a functioning and reliable cultural resource predictability 
model.  There is certainly no short-cut or simple template that could produce anything 
immediately useful to land managers for project planning.  In late-December of 2020 there was 
an exchange amongst the archaeologists on social media about a recent catastrophe that was the 
$365,900statewide predictive model created for Pennsylvania DOT (Medium 2020).  According 
to these conversations, two years were spent, between 2013-2015, developing this model with 
very little oversight; in the end, it was rendered useless.  A very key error (one of many): they 
used an area that had never been surveyed as a negative dataset to build the model (Medium 
2020).  Meanwhile, the Minnesota DOT model (MnModel) mentioned earlier began in 1995 with 
a $5,000,000 grant, it has been through numerous revisions, and now has a full-time employee 
ensuring that the model is kept up to date according to the Federal Highways Works 
Administration (2020). 
There is no one predictive model template that could answer all archaeological inquiries.  
The type of model that one creates needs to address the particular issues they face or the 




of northern New Mexico is going to be absolutely useless to replicate for a Ponderosa-dense 
forest that has had an abundance of historic logging activity.  For example, postcontact sites tend 
to lean towards slightly different resources, as those people were generally more sedentary and 
had access to different tools and resources than precontact peoples.   
More importantly, the cultural resource management “world” does not have the most 
reliable and consistent digital data available, which can cause issues in creating a predictive 
model that one can rely upon.  While there may be thousands of recorded sites, it is certain that 
not all of them are digitized into a format that can be utilized in GIS (and the lack of accuracy is 
not an uncommon problem either).  The problem extends into the other disciplines that collect 
data on the various resources that one would need to include as environmental factors within the 
study area.  As mentioned above, accessing simplified vegetation information was quite difficult; 
what was provided was an overwhelmingly complex dataset with attribute tables that needed a 
professional silviculturist to decipher – even then, a key was needed to decipher the codes.  It is 
also incredibly important to note that the vegetation layers are for modern vegetation and, as 
noted in the results, the vegetation has changed quite a bit through the years, and it does not give 
us insight to the past environments.  I recommend not using it; rather find (or conduct) studies 
going back thousands of years into how the vegetation has changed.   If working with incomplete 
or questionable data, the results from your predictive model will be unreliable.   
Actual survey coverage is another important issue.  I know from working there that the 
Dome Analysis Area does have nearly 100% survey coverage, in terms of cultural resources. 
However, in many places the cultural resource survey could be much less that complete or even 




Arizona and New Mexico generally suggest re-survey after ten years and in South Dakota, 
surveys  over twenty years of age are typically scrutinized to determine if previous field methods 
were adequate and new survey is necessary (personal knowledge; Dr. Michael Hilton of the 
BKNF, personal communication 2021).  
In terms of recreating TEUs, reliable or useful data was again an issue. The data received 
from the other environmental specialties was not as complete as that for the cultural resources.  
The vegetation layers only tell us what is on the ground presently, not what was there when some 
of these sites were used.  Some of the hydrology layers that indicate springs could very well be 
buried cleanout boxes from waterlines that were laid during the mining boom of the late 1800s 
and had since silted over (I only say that because I know it happened on other parts of the forest).  
If TEUs could be created without vegetation layers, then the Black Hills could benefit from 
working towards creating TEUs so that they can then create predictability models to aid in future 
project planning.  The fact is, unless an agency has millions of dollars to invest (like Minnesota 
received in the grant) a predictability model could me more trouble than it is worth.  Too many 
people take technology for granted and do not question it as much as they should.  Model 
predictions are seen as “fact” when, in reality, they are just a tool to help you find the facts.   
For example, Sebastian (2009) addresses the issues that surround assigning NRHP 
significance versus leaving sites “unevaluated” and proposes a sample algorithm model to 
determine whether or not a site should be considered eligible for NRHP or not (Sebastian and 
Lipe 2009).  While the benefits are to be acknowledged, determining eligibility has certain 
criteria that must be met and an algorithm would take out the bias found when an archaeologist 




However, according to her algorithm, sites without a buried component may not be considered 
eligible. Evaluation of the significance of a site involves a creative thought process.  Applying 
this model could disregard the significance of an abundance of sites which tend to have a 
stronger surface manifestation and require that the subsurface component is understood with 
more in-depth studies (i.e. not easily observed with a shovel test).   
As mentioned earlier humans are complex.  Although we have some consistencies (need 
for shelter, reliable water and food sources, and something that affords protection), there are so 
many other variables.  These variables constantly change over time and across cultures and make 
things far too difficult to accurately predict with a computer model, but as long as the model is 
used as a tool and not a fact-finding device, they can have benefits.  In terms of environmental 
factors that should always be considered, I recommended analyzing the distance to water and 
then elevation, as results indicate that those play the greatest roles in site location selection.  Soil 
types, as long as they are more specific than the Great Group, would be the next valuable data set 
to analyze.  In Dome especially, other environmental factors that are present within the 
Glossudalf and Hapludalf locations should be assessed to determine what makes those areas so 
desirable, or not.  There is definitely room for more research into what other environmental 
factors exist that make these soils potentially preferred in one ELU, but not another.  
Environmental factors that are less insightful would be slope and aspect.  Slopes all 
depend on what site type you are looking for and aspect, as discovered with this research, could 
lead to more questions than answers.  The number of northeast trending sites was unexpected, 
but then it was proposed to me that perhaps this had to do with the overall landscape of Dome 




the Great Plains.  Lastly, the current state of vegetation layers is focused on modern vegetation 
and very difficult to interpret without multiple keys and I recommend leaving them out of any 
model that is looking to predict sites that are older than the lifespan of the existing vegetation in 
the Black Hills.  
Many years went into the research and many challenges were encountered, faced, and 
overcome to the best of my ability.  The most important lesson from the research is that 
predictability models have their benefits, but there needs to be a lot of collaboration and pre-
work completed to determine what the purpose and intent of the final product will be.  Someone 
needs to constantly update the data on which the model is built, and this requires cooperation 
from all specialties involved.  Just updating the cultural resource data is adequate, but if new (or 
old) environmental data is gathered it needs to be incorporated into the model.  If vegetation 
layers that relate to paleoenvironmental factors are created, those absolutely need to be 
considered (if the model focuses on precontact sites).  Always remember that a predictability 
model is not a one-time creation; it needs to be an ever-evolving entity in order to truly give us 
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Appendix A. Tables of Original Observations for Chi Square Tests 
 
Site Type 
SAMPLE 1 HIS MUL PRE 
 
ELU 14 9 0 5 14 
ELU 15 16 0 22 38 
ELU 24 41 6 11 58 
ELU 26 99 38 85 222 
ELU 27 21 0 15 36 
ELU 60 3 104 4 111  
189 148 142 479  
39.46% 30.90% 29.65% 100.00% 
 
SAMPLE 2  HIS MUL PRE 
 
ELU 14 12 0 1 13 
ELU 15 28 10 0 38 
ELU 24 24 6 29 59 
ELU 26 116 0 107 223 
ELU 27 7 0 29 36 
ELU 60 16 84 12 112 
  203 100 178 481 





Sample 1 Arguistoll Glossudalf Hapludalf Hapludoll Calciustept Calciustoll Udifluvent Ustorthent Totals 
ELU 14 0 2 12 0 0 0 0 0 14 
ELU 15 0 24 14 0 0 0 0 0 38 
ELU 24 0 11 40 0 1 3 3 0 58 
ELU 26 16 5 184 9 0 4 0 4 222 
ELU 27 6 5 25 0 0 0 0 0 36 
ELU 60 19 73 1 18 0 0 0 0 111  
41 120 276 27 1 7 3 4 479  
8.56% 25.05% 57.62% 5.64% 0.21% 1.46% 0.63% 0.84% 100.00% 
 
 Sample 2 Arguistoll Glossudalf Hapludalf Hapludoll Calciustept Calciustoll Udifluvent Ustorthent Totals 
ELU 14 0 1 12 0 0 0 0 0 13 
ELU 15 0 18 20 0 0 0 0 0 38 
ELU 24 0 14 45 0 0 0 0 0 59 
ELU 26 0 6 217 0 0 0 0 0 223 
ELU 27 0 13 23 0 0 0 0 0 36 
ELU 60 11 65 26 10 0 0 0 0 112 
  11 117 343 10 0 0 0 0 481 







Sample 1 1 Close 2 Moderate 3 Far 4 Very Far Totals 
ELU 14 7 6 1 0 14 
ELU 15 37 1 0 0 38 
ELU 24 40 18 0 0 58 
ELU 26 149 47 25 1 222 
ELU 27 35 1 0 0 36 
ELU 60 110 1 0 0 111  
378 74 26 1 479  
78.91% 15.45% 5.43% 0.21% 100.00% 
 
Sample 2 1 Close 2 Moderate 3 Far 4 Very Far Totals 
ELU 14 8 3 0 2 13 
ELU 15 18 15 3 2 38 
ELU 24 30 15 13 1 59 
ELU 26 168 26 25 4 223 
ELU 27 17 13 6 0 36 
ELU 60 95 12 5 0 112  
336 84 52 9 481  






SAMPLE 1 Barren Dicot Gymnosperm Monocot TOTALS 
ELU 14 0 0 14 0 14 
ELU 15 2 1 35 0 38 
ELU 24 0 1 51 6 58 
ELU 26 37 11 167 7 222 
ELU 27 0 0 33 3 36 
ELU 60 0 23 87 1 111  
39 36 387 17 479  
8.14% 7.52% 80.79% 3.55% 100.00% 
 
 SAMPLE 2 Barren Dicot Gymnosperm Monocot TOTALS 
ELU 14 1 12 0 0 13 
ELU 15 9 2 27 0 38 
ELU 24 8 51 0 0 59 
ELU 26 0 0 187 36 223 
ELU 27 0 1 35 0 36 
ELU 60 7 0 99 6 112 
  25 66 348 42 481 







SAMPLE 1 Betulaceae Barren Fagaceae Misc. Grasses Pinaceae Poaceae Salicaceae 
 
ELU 14 0 0 0 0 14 0 0 14 
ELU 15 1 2 0 0 35 0 0 38 
ELU 24 0 0 0 5 51 1 0 57 
ELU 26 6 37 1 0 167 7 5 223 
ELU 27 0 0 0 0 33 3 0 36 
ELU 60 0 0 0 1 87 0 23 111  
7 39 1 6 387 11 28 479  
1.46% 8.14% 0.21% 1.25% 80.79% 2.30% 5.85% 100.00% 
 
SAMPLE 2 Betulaceae Barren Fagaceae Misc. Grasses Pinaceae Poaceae Salicaceae 
 
ELU 14 0 10 0 0 3 0 0 13 
ELU 15 0 10 0 0 27 0 1 38 
ELU 24 3 0 2 0 51 0 3 59 
ELU 26 0 0 0 0 187 36 0 223 
ELU 27 1 0 0 0 35 0 0 36 
ELU 60 0 7 0 0 99 6 0 112  
4 27 2 0 402 42 4 481  







SAMPLE 1 Slope 1 Slope 2 Slope 3 Slope 4 Slope 5 
 
ELU 14 8 6 0 0 0 14 
ELU 15 2 5 21 8 2 38 
ELU 24 12 17 20 3 6 58 
ELU 26 130 67 19 6 0 222 
ELU 27 13 14 8 1 0 36 
ELU 60 94 17 0 0 0 111  
259 126 68 18 8 479  
54.07% 26.30% 14.20% 3.76% 1.67% 100.00% 
 
 SAMPLE 2 Slope 1 Slope 2 Slope 3 Slope 4 Slope 5 
 
ELU 14 11 2 0 0 0 13 
ELU 15 11 25 2 0 0 38 
ELU 24 30 17 9 2 1 59 
ELU 26 204 19 0 0 0 223 
ELU 27 25 7 4 0 0 36 
ELU 60 43 38 29 2 0 112 
  324 108 44 4 1 481 






SAMPLE 1 Elev 1 Elev 2 Elev 3 Elev 4 Elev 5 Elev 6 
 
ELU 14 0 0 0 0 6 8 14 
ELU 15 0 0 1 12 21 4 38 
ELU 24 9 49 0 0 0 0 58 
ELU 26 0 1 15 58 148 0 222 
ELU 27 0 0 36 0 0 0 36 
ELU 60 0 0 12 99 0 0 111  
9 50 64 169 175 12 479  
1.88% 10.44% 13.36% 35.28% 36.53% 2.51% 100.00% 
 
 SAMPLE 2 Elev 1 Elev 2 Elev 3 Elev 4 Elev 5 Elev 6 Elev 7 
 
ELU 14 0 0 0 0 0 13 0 13 
ELU 15 0 0 0 0 0 16 22 38 
ELU 24 0 15 38 6 0 0 0 59 
ELU 26 0 0 0 0 13 210 0 223 
ELU 27 0 0 23 8 2 3 0 36 
ELU 60 0 0 0 73 39 0 0 112 
  0 15 61 87 54 242 22 481 






   
SAMPLE 2 OBSERVED EXPECTED 
EA 42 53.44444444 
NE 112 53.44444444 
NO 62 53.44444444 
NW 30 53.44444444 
SE 60 53.44444444 
SO 49 53.44444444 
SW 69 53.44444444 
WE 56 53.44444444 




SAMPLE 1 OBSERVED EXPECTED 
EA 60 53.22222222 
NE 83 53.22222222 
NO 39 53.22222222 
NW 66 53.22222222 
SE 74 53.22222222 
SO 55 53.22222222 
SW 66 53.22222222 
WE 36 53.22222222 




Appendix B: Master Dataset 
 




Appendix C: Soil Series–Hectares and Percentage 




Lawrence Q0901b Boneek Silt Loam, Moist, 2 To 6% Slopes 0.0809 0.00% Boneek 
Meade Q0901b Boneek Silt Loam, Moist, 2 To 6% Slopes 11.2100 0.10% Boneek 
Lawrence Q0535c Bullflat Silt Loam, Moist, 2 To 10% Slopes 0.0000 0.00% Bullflat 
Meade Q0535c Bullflat Silt Loam, Moist, 2 To 10% Slopes 17.8875 0.10% Bullflat 
Lawrence Q0501b Bullflat Silt Loam, Moist, 3 To 6% Slopes 15.8640 0.10% Bullflat 
Meade Q0501d Bullflat Silt Loam, Moist, 6 To 15% Slopes 5.4634 0.00% Bullflat 
Lawrence Q0502c Bullflat, Moist-Cordeston Silt Loams, 2 To 9% Slopes 20.7608 0.10% Bullflat 
Meade Q0502c Bullflat, Moist-Cordeston Silt Loams, 2 To 9% Slopes 35.4108 0.20% Bullflat 
Lawrence Q0202e Buska-Rock Outcrop Complex, 10 To 40% Slopes 431.1210 2.10% Buska 
Lawrence Q0231g Buska-Rock Outcrop Complex, 40 To 80% Slopes 146.4185 0.70% Buska 
Lawrence Q0203d Buska-Virkula, High Mica Loams, 2 To 1 % Slopes 234.1562 1.10% Buska 
Lawrence Q0506d Citadel Silt Loam, 2 To 15% Slopes 14.7309 0.10% Citadel 
Meade Q0506d Citadel Silt Loam, 2 To 15% Slopes 12.0599 0.10% Citadel 
Lawrence Q0512c Citadel-Mccooley Complex, 3 To 10% Slopes 3.2780 0.00% Citadel 
Lawrence Q0509c Citadel-Tollflat Complex, 2 To 12% Slopes 12.3432 0.10% Citadel 
Meade Q0509c Citadel-Tollflat Complex, 2 To 12% Slopes 34.8037 0.20% Citadel 
Lawrence Q0510e Citadel-Tollflat-Danjay Complex, 10 To 40% Slopes 403.8446 1.90% Citadel 
Meade Q0510e Citadel-Tollflat-Danjay Complex, 10 To 40% Slopes 98.5431 0.50% Citadel 
Lawrence Q0514c Citadel-Vanocker Complex, 2 To 12% Slopes 253.8648 1.20% Citadel 
Meade Q0514c Citadel-Vanocker Complex, 2 To 12% Slopes 297.9361 1.40% Citadel 
Lawrence Q0518b Cordeston Loam, 1 To 6% Slopes, Flooded 26.8312 0.10% Cordeston 
Meade Q0518b Cordeston Loam, 1 To 6% Slopes, Flooded 13.8001 0.10% Cordeston 








Meade Q0518c Cordeston Loam, 6 To 10% Slopes 18.0898 0.10% Cordeston 
Lawrence Q0206b Cordeston-Marshbrook Loams, 0 To 6% Slopes, Flooded 83.8527 0.40% Cordeston 
Lawrence Q0520c Cordeston-Rapidcreek, Rarely Flooded Complex, 2 To 9% Slopes 31.4852 0.20% Cordeston 
Meade Q0520c Cordeston-Rapidcreek, Rarely Flooded Complex, 2 To 9% Slopes 26.1433 0.10% Cordeston 
Meade Q0620c Cordeston-Rapidcreek, Rarely Flooded Complex, Dry, 2 To 9% Slopes 14.2857 0.10% Cordeston 
Lawrence Q0106e Grizzly-Grizzly, Thick Surface Complex, 10 To 40% Slopes 1054.1481 5.10% Grizzly 
Meade Q0106e Grizzly-Grizzly, Thick Surface Complex, 10 To 40% Slopes 75.9611 0.40% Grizzly 
Lawrence Q0108e Grizzly-Mineshaft Complex, 10 To 40% Slopes 119.7086 0.60% Grizzly 
Meade Q0108e Grizzly-Mineshaft Complex, 10 To 40% Slopes 178.2679 0.90% Grizzly 
Lawrence Q0108g Grizzly-Mineshaft Complex, 40 To 80% Slopes 197.6123 1.00% Grizzly 
Meade Q0108g Grizzly-Mineshaft Complex, 40 To 80% Slopes 118.9397 0.60% Grizzly 
Lawrence Q0110e Grizzly-Rock Outcrop Complex, 10 To 40% Slopes 310.2388 1.50% Grizzly 
Meade Q0110e Grizzly-Rock Outcrop Complex, 10 To 40% Slopes 434.8037 2.10% Grizzly 
Lawrence Q0110g Grizzly-Rock Outcrop Complex, 40 To 80% Slopes 1117.8066 5.40% Grizzly 
Meade Q0110g Grizzly-Rock Outcrop Complex, 40 To 80% Slopes 462.6467 2.20% Grizzly 
Meade Q0112g Grizzly-Rubbleland-Rock Outcrop Complex, 40 To 80% Slopes 46.7422 0.20% Grizzly 
Lawrence Q0114e Grizzly-Virkula Complex, 10 To 40% Slopes 235.1275 1.10% Grizzly 
Lawrence Q0114d Grizzly-Virkula Complex, 3 To 15% Slopes 78.8345 0.40% Grizzly 
Meade Q0114d Grizzly-Virkula Complex, 3 To 15% Slopes 94.9413 0.50% Grizzly 
Lawrence Q0208e Heely Channery Loam, 10 To 40% Slopes 14.1643 0.10% Heely 
Lawrence Q0209d Heely-Cordeston Complex, 2 To 15% Slopes 20.5180 0.10% Heely 
Lawrence Q0564c Hickok-Rockoa, Moist Complex, 3 To 12% Slopes 157.4261 0.80% Hickok 
Meade Q0564c Hickok-Rockoa, Moist Complex, 3 To 12% Slopes 11.9385 0.10% Hickok 








Lawrence Q0528e Hilger Cobbly Loam, Moist, 6 To 40% Slopes, Cobbly 69.8098 0.30% Hilger 
Meade Q0530g Hopdraw-Sawdust-Rock Outcrop Complex, Moist, 40 To 80% Slopes 16.4711 0.10% Hopdraw 
Lawrence Q0216b Marshbrook Loam, 0 To 4% Slopes, Occasionally Flooded 5.7871 0.00% Marshbrook 
Lawrence Q0217c Marshbrook-Cordeston Loams, 2 To 9% Slopes, Flooded 49.1704 0.20% Marshbrook 
Meade Q0217c Marshbrook-Cordeston Loams, 2 To 9% Slopes, Flooded 9.5103 0.00% Marshbrook 
Lawrence Q0540f Mccooley-Tollflat Complex, 10 To 60% Slopes 55.5241 0.30% Mccooley 
Lawrence Q0540c Mccooley-Tollflat Complex, 3 To 10% Slopes 26.7503 0.10% Mccooley 
Meade P256d Nevee-Spearfish Silt Loams, 6 To 20% Slopes 6.6370 0.00% Nevee 
Lawrence Q0570f Opechekahta-Citivar- Schaeferville Complex, 20 To 60% Slopes 41.3193 0.20% Opechekahta 
Meade Q0570f Opechekahta-Citivar- Schaeferville Complex, 20 To 60% Slopes 178.0656 0.90% Opechekahta 
Lawrence Q0232g Pactola-Pactola, Shallow-Rock Outcrop Complex, 40 To 80% Slopes 301.8211 1.50% Pactola 
Lawrence Q0226e Pactola-Virkula-Rock Outcrop Complex, 10 To 40% Slopes 508.7414 2.50% Pactola 
Lawrence Q0227e Pactola-Virkula-Rock Outcrop Complex, 10 To 40% Slopes, Extremely Bouldery 6.7989 0.00% Pactola 
Lawrence Q0702f Pits, Quarry 1.9425 0.00% Pits 
Meade Q0702f Pits, Quarry 1.5783 0.00% Pits 
Meade Q0645c Rapidcreek Cobbly Loam, Dry, 2 To 10% Slopes, Rarely Flooded 64.1845 0.30% Rapidcreek 
Meade P344b Rapidcreek Very Cobbly Sandy Loam, Warm, 1 To 6% Slopes, Nonflooded 23.6342 0.10% Rapidcreek 
Meade Q0229c Rapidcreek Very Gravelly Loam, Noncalcareous, 1 To 9% Slopes, Rarely Flooded 10.6435 0.10% Rapidcreek 
Lawrence Q0560c Rapidreek Gravelly Loam, 2 To 10% Slopes, Rarely Flooded 2.6710 0.00% Rapidcreek 
Meade Q0560c Rapidreek Gravelly Loam, 2 To 10% Slopes, Rarely Flooded 20.8013 0.10% Rapidcreek 
Lawrence Q0551c Rockerville Complex, 2 To 12% Slopes 65.7628 0.30% Rockerville 
Meade Q0551c Rockerville Complex, 2 To 12% Slopes 159.4091 0.80% Rockerville 
Lawrence Q0553e Rockerville, Moist-Rock Outcrop Complex, 6 To 40% Slopes 156.7786 0.80% Rockerville 








Lawrence Q0554f Rockerville, Moist-Vanocker- Rock Outcrop Complex, 10 To 60% Slopes 8.2962 0.00% Rockerville 
Meade Q0554f Rockerville, Moist-Vanocker- Rock Outcrop Complex, 10 To 60% Slopes 2.9138 0.00% Rockerville 
Lawrence Q0552d Rockerville-Gurney Complex, Moist, 2 To 15% Slopes 3.6423 0.00% Rockerville 
Meade Q0552d Rockerville-Gurney Complex, Moist, 2 To 15% Slopes 2.5091 0.00% Rockerville 
Meade Q0918e Rockerville-Pesowyo Complex, 10 To 30% Slopes 0.5261 0.00% Rockerville 
Lawrence Q0918c Rockerville-Pesowyo Complex, 3 To 12% Slopes 3.9660 0.00% Rockerville 
Meade Q0918c Rockerville-Pesowyo Complex, 3 To 12% Slopes 0.0405 0.00% Rockerville 
Meade P408e Rockerville-Pesowyo Complex, Warm, 10 To 30% Slopes 3.5208 0.00% Rockerville 
Meade Q0659e Rockerville-Rock Outcrop Complex, 6 To 30% Slopes 299.3120 1.40% Rockerville 
Lawrence Q0565e Rockoa, Moist-Hickok-Rock Outcrop Complex, 10 To 40% Slopes 231.3234 1.10% Rockoa 
Meade Q0565e Rockoa, Moist-Hickok-Rock Outcrop Complex, 10 To 40% Slopes 104.8563 0.50% Rockoa 
Lawrence Q0566f Rockoa, Moist-Rock Outcrop Complex, 25 To 60% Slopes 109.1866 0.50% Rockoa 
Meade Q0566f Rockoa, Moist-Rock Outcrop Complex, 25 To 60% Slopes 15.5403 0.10% Rockoa 
Lawrence Q0568b Roubaix Silt Loam, 0 To 6% Slopes 176.2849 0.90% Roubaix 
Meade Q0568b Roubaix Silt Loam, 0 To 6% Slopes 37.2724 0.20% Roubaix 
Lawrence Q0568e Roubaix Silt Loam, 6 To 40% Slopes 596.7624 2.90% Roubaix 
Meade Q0568e Roubaix Silt Loam, 6 To 40% Slopes 97.6932 0.50% Roubaix 
Meade Q0571e Sawdust, Moist-Vanocker- Rockerville, Moist Complex, 10 To 40% Slopes 115.4189 0.60% Sawdust 
Meade Q0572d Schaeferville-Citivar Silt Loams, 6 To 20% Slopes 13.6787 0.10% Schaeferville 
Meade P514b Tilford Silt Loam, 2 To 6% Slopes 4.3302 0.00% Tilford 
Lawrence Q0576c Tollflat-Vanocker Complex, 2 To 12% Slopes 28.3286 0.10% Tollflat 
Meade Q0576c Tollflat-Vanocker Complex, 2 To 12% Slopes 97.1267 0.50% Tollflat 
Lawrence Q0237f Typic Udarents, Reclaimed, 3 To 60% Slopes 27.6002 0.10% Typic Udarents 








Lawrence Q0584e Vanocker-Citadel Complex, 10 To 40% Slopes 1915.4189 9.20% Vanocker 
Meade Q0584e Vanocker-Citadel Complex, 10 To 40% Slopes 2204.8159 10.60% Vanocker 
Lawrence Q0584f Vanocker-Citadel Complex, 20 To 60% Slopes 233.1040 1.10% Vanocker 
Meade Q0584f Vanocker-Citadel Complex, 20 To 60% Slopes 685.1072 3.30% Vanocker 
Lawrence Q0585g Vanocker-Danjay-Hopdraw, Moist Complex, 40 To 80% Slopes 292.8774 1.40% Vanocker 
Meade Q0585g Vanocker-Danjay-Hopdraw, Moist Complex, 40 To 80% Slopes 636.3820 3.10% Vanocker 
Lawrence Q0586e Vanocker-Danjay-Tollflat Complex, 10 To 40% Slopes 39.0530 0.20% Vanocker 
Meade Q0586e Vanocker-Danjay-Tollflat Complex, 10 To 40% Slopes 744.4355 3.60% Vanocker 
Meade Q0588d Vanocker-Rockerville, Moist Complex, 2 To 15% Slopes 52.6507 0.30% Vanocker 
Lawrence Q0589g Vanocker-Sawdust, Moist-Rock Outcrop Complex, 40 To 80% Slopes 1740.7932 8.40% Vanocker 
Meade Q0589g Vanocker-Sawdust, Moist-Rock Outcrop Complex, 40 To 80% Slopes 975.8802 4.70% Vanocker 
Lawrence Q0928c Vassett Silt Loam, Moist, 6 To 10% Slopes 10.4816 0.10% Vassett 
Lawrence Q0239d Virkula-Pactola Complex, 2 To 15% Slopes 94.4152 0.50% Virkula 
Lawrence W Water 34.2776 0.20%   
  Subtotals For Soil Survey Area - Lawrence  11977.9846 57.80% 
 
  Subtotals For Soil Survey Area - Meade   8740.0648 42.20%   
  Totals For Area Of Interest 20,718.13 20623.7960 
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